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Requests 

1 . Revocation of EP 0 656 786 B 1 in its entirety is requested. 

2. Oral proceedings are requested, if request 1 will not be granted. 

I. Grounds for Opposition 

The opposition is filed on the grounds of Art. 100 (a) EPC because the subject matter of the 
opposed patent is not patentable under Art. 54 and 56 EPC. 

The opposition is also filed on the grounds of Art 100(b) EPC, because the patent does not 
disclose the invention in a manner sufficiently clear and complete for it to be carried out by a 
person skilled in the art (violation of Art 83 EPC). 

Finally, the opposition is also filed on the grounds of Art 100 (c) EPC because the patent 
contains subject matter which extends beyond the content of the application as filed and vio- 
lates Art 123 EPC. 

The opponent relies on the following documents which will be referred to by the numbers 
given below: 
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Dl: VirgiFs Online Guide to Fighting Prostate Cancer (http://www.prostate- 
online.com/wnew9808.html. 

D2: WO 94/23716 (referred to as D14 in the examination proceedings (letter of applicant's 
representative from July 21, 2003) including priority document and print out from 
EPO online register). 

D3: JP 61246124 A, abstract (referred to as D2 in the examination proceedings (letter of 
applicant's representative from July 21, 2003)). 

D4: JP 01258669A, abstract (referred to as D26 in the examination proceedings (letter of 
applicant's representative from July 21, 2003)). 

D5: Wie fimktioniert das? Der Mensch und seine Krankheiten, Bibliographisches Institut, 
Mannheim 1984, page 540. 

D6: Kaldas and Hughes, "Reproductive and general metabolic effects of phytoestrogens in 
mammals", Reproductive Toxicology Review, 1989, pages 81-89 (referred to as D32 
in the examination proceedings (letter of applicant's representative from July 21, 
2003)). 

D7: JP 62106016 A (abstract) (referred to as D4 in the examination proceedings (letter of 
applicant's representative from July 21, 2003)). 

D8: Adlercreutz et al, "Dietary phyto-oestrogens and the menopause in Japan", The Lan- 
cet, May 16 1992, Vol 339 (referred to as D14 in the examination proceedings (letter 
of applicant's representative from July 21, 2003)). 

D9: Adlercreutz et al., J., "Dietary phytoestrogens and cancer: in vitro and in vivo studies", 
Steroid Biochem. Mole. Biol. 1992, Vol 41, No 3-8, pages 331-337. 
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D10: Wong, J. Sci Food Agric. 1962, Vol 13, pages 304-307 (referred to as D18 in the ex- 
amination proceedings (letter of applicant's representative from July 21, 2003). 

Dll: Tamura et al., Agr. Biol. Chem., Vol. 33, pages 391-397, 1969 (referred to as D19 in 
the examination proceedings (letter of applicant's representative from July 21, 2003). 

D12: Wong and Flux, "The oestrogenic activity of red clover isoflavones and some of their 
degradation products ", J. Endorcin., 1962, Vol 24, pages 341-348 

D13: Puffe et al, Das wirtschaftseigene Futter, 1 984, Vol 30, No 3, pages 1 84-201 . 

D14: Adlercreutz, "Western Diet And Western Diseases - Some Hormonal And Biochemi- 
cal-Mechanisms And Associations", Scandinavian Journal of Clinical & Laboratory 
Investigation, 1990, 50, Suppl 201, pages 3-23 

D15: Lark Susan M., 'The Menopause self-help book", 1990, published by Celestial Arts, 
Berkeley, California, United States 

D16: Adlercreutz et al., 'Urinary excretion of lignans and isoflavonoid phytoestrogens in 
Japanese men and women consuming a traditional Japanese diet", Am J Clin Nutr. 
1991 Dec; Vol. 54 No. 6, pages 1093-100. 

D17: Setchell et al., 'High-performance liquid chromatographic analysis of phytoestrogens 
in soy protein preparations with ultraviolet, electrochemical and thermospray mass 
spectrometric detection", Journal of Chromatography, (Netherlands) 1987, Vol. 386, 
pages 315-323. 

D18: Peterson and Barnes, "Genistein and biochanin A inhibit the growth of human prostate 
cancer cells but not epidermal growth factor receptor tyrosine autophosphorylation", 
The Prostate, 22:335-345 (1993). 

References D3, D4, D6, D7 to D17 are to be regarded as prior art under Art. 54 (2) EPC, as 
they were all published before the priority date of the opposed patent. 
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Reference D2 is to be regarded as prior art under Art. 54 (3) EPC since the priority of the op- 
posed patent is invalid. D2 has a filing date that is earlier than the filing date of the opposed 
patent and it has been published after the filing date of the opposed patent. A print out from 
the EPO online register has been attached to D2 to show that the document has been region- 
alised at the EPO and that the designation fees have been paid. 

References Dl and D5 have been submitted to show part of the common general knowledge 
or for providing additional information. 

Almost eleven years passed between the filing of the application and its grant. Seven official 
actions have been issued during the prosecution phase of the opposed patent. Several sets of 
amended claims have been filed, as well as, amended pages of the description. The Examiner 
has only accepted the final set of claims after applicant's representative filed as a response to 
an official action on October 21, 2003 sworn declarations from the inventor, Graham Edmund 
Kelly, and from a scientist, Claude L Hughes, explaining an allegedly underlying inventive 
step of the alleged invention. 

As will be demonstrated below, we believe that the arguments provided by applicant's repre- 
sentative, Mr. Kelly, and Mr. Hughes, although well presented, are not supported by the con- 
tent of the application as filed nor by the patent law under the EPC. 

Furthermore, we submit that during the examination phase the description and the claims 
were changed in an inadmissible way. Furthermore, we believe that the arguments made by 
the applicant's representative during the examination phase with respect to the priority of the 
opposed patent claims are not in line with the Decision G2/98 of the last Board of Appeal. 
Finally, we submit that there is no actual invention disclosed in the opposed patent. If the dis- 
closure in the application is considered to contain an invention, we submit that the alleged 
invention is definitely not disclosed in a way that is complete enough for a person skilled in 
the art to work it. 
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II* Scope of the Claims of the Opposed Patent 

The alleged invention claimed in EP 0 656 786 Bl (hereinafter the "opposed patent") relates 
to the use of an isoflavone extract of soy or clover for the manufacture of a medicament for 
the treatment of specific diseases. The patent has only one independent claim (claim 1) and 10 
dependent claims (claims 2 to 1 1). All claims are drafted in second medical-use format. 

111. Claim 1 

Claim 1 has the following features: 

1 . the use of an isoflavone phyto-oestrogen extract for the manufacture of a medicament 
for administration, 

2. wherein the administration is carried out in unit dosage form, 

3a. wherein the extract is that of soy 
or 

3b. wherein the extract is that of clover, 

4a. wherein the medicament is for the treatment of pre-menstrual syndrome or, 

4b. wherein the medicament is for the treatment of symptoms associated with menopause 

or 

4c. wherein the medicament is for the treatment of prostate cancer. 

112. Claim 2 

Claim 2 refers to claim 1 and specifies that the medicament may further comprise at least one 
excipient suitable for dietary use. 
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113. Claim 3 

Claim 3 is dependent on both claim 1 or 2 and specifies that the isoflavone phyto-oestrogen 
extract is from soya. We note that claim 3 does not provide any additional technical feature 
overclaim 1. 

114. Claim 4 

Claim 4 refers to claim 3 and specifies that the extract is from soya hypocotyls. 

11.5. Claim 5 

Claim 5 depends on claim 1 or claim 2 and specifies that the extract is from clover. We note 
that claim 5 does not provide any additional technical feature over claim 1 . 

11.6. Claim 6 

Claim 6 refers to claims 1 to 4 and specifies that the extract comprises one or more of the 
following: genistein, daidzein or glycosides thereof, or metabolites or derivatives thereof. 

117. Claim 7 

Claim 7 refers to claim 1 or claim 2 and specifies that specific isoflavone phyto-oestrogens 
are present in the extract in a range of ratios. 
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n.8. Claim 8 

Claim 8 refers to all preceding claims and specifies that the isoflavone phyto-oestrogens are 
present in a range of amounts per unit dose. 

n.9. Claim 9 

Claim 9 refers to all preceding claims and specifies that the administration of the medicament 
is to be carried out at least daily over a period of at least a month. These features relate to non- 
patentable subject-matter according to Art. 52(4) EPC. 

II. 10. Claim 10 

Claim 10 refers to all preceding claims and specifies that the extract also includes members of 
three groups of compounds, namely coumestans, lignans and flavones. 

Ull. Claim 11 

Claim 1 1 refers to all preceding claims and specifies the unit dosage to be a tablet or a cap- 
sule. 

III. The subject matter of the opposed patent extends beyond the content of the applica- 

tion as filed (Art 100 (c); Art. 123 EPC) 

HI. 1 . Supplementary pages 8. 8a and 8b 

Applicant's representative filed three supplementary pages (supplementary pages 8, 8a and 
8b) on February 7, 2001. Although quite a substantial amount of texts were added, applicant's 
representative had chosen not to indicate precisely where support for the supplemented pages 
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could be found. Applicant's representative indicated that the supplementary pages serve to 
adapt the description to the amended claims. 

III. 1.1. Paragraph 4 of supplemented page 8 contains the feature "unit dosage" with 
respect to the extract. In our view, this feature is only disclosed in original claim 7 of the ap- 
plication as originally filed. This claim refers back to claim 1 which specifies a health sup- 
plement containing a selection of isoflavones. By introducing amended page 8, this feature 
has been generalised to all isoflavones and is inadmissible, as violating Art 123(2) EPC. 

ID. 1.2. The second paragraph from bottom of page 8 specifies the chemical composi- 
tion of the extract as being a water/organic solvent extract. In our view, this feature was only 
disclosed in example 1. However, example 1 only refers to a red clover extract, which is a 
particular species within the genus clover. The generalisation of an extract from a particular 
species to an extract of the genus clover is inadmissible. Furthermore, there is no disclosure of 
a specific soy extract in the application. Therefore, the feature of water/organic solvent extract 
of soy is inadmissible, as violating Art 123(2) EPC. 

III. 1.3. The last paragraph on supplemented page 8 lists specific treatments in which 

the extracts may be used. The application as originally filed only referred to humans as recipi- 
ents of the food supplement (or arguably the extract). In this respect we refer to, for example, 
page 8 of the application as originally filed, wherein in the "disclosure of the invention" sec- 
tion, it is stated that 

"the present invention concerns a health supplement ... to improve the health of humans . " 

Amended page 8 no longer contains this limitations and as a result, animals not just humans 
become potential recipients of the extract. This generalisation is inadmissible as violating Art 
123(2) EPC. 

m.1.4. The first paragraph on page 8a specifies a treatment regime (daily over one 

month). Support for this feature can in our view only be found in original claim 17. This claim 
refers back to claim 10 and discloses this regime only with respect to a health supplement 
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containing a selection of isoflavones. The generalisation to using all isoflavones is inad- 
missable. 

III.1.5. In the third paragraph on page 8a, the disclosure relating to a specific treat- 
ments is not limited to humans (see HI. 1.3.). 

ffl.2. Claim 1 

Claim 1 has been inadmissibly broadened for the same reasons as given already under HI. 1.3. 
The claim contains no limitation to treatment of humans although the description only dis- 
closes a treatment for humans. The description does not disclose treatment of animals gener- 
ally. 

It is submitted that, for example, dogs also may suffer from prostate cancer (compare Dl, 
page 1 bottom paragraph). The treatment of dogs would also fall under the scope of claim 1 as 
granted and thus violates Art 123(2) EPC. 

III.3. Claims 2 to 11 

Claims 2 to 11 depend on claim 1 and are therefore also not in compliance with Art. 123(2) 
EPC. 

IV. The Effective Date of the Claims 

EP 0 656 786 Bl claims priority of Australian patent application no. AU 251 1992. According 
to the decision G2/98 of the Enlarged Board of Appeal the priority of a previous application 
in respect of a claim in a European patent application in accordance with Art 88 EPC is to be 
acknowledged only if the skilled person can derive subject-matter of the claim directly and 
unambiguously, using common general knowledge, from the previous application as a whole. 
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The features of the claims as granted cannot unambiguously and clearly be derived from the 
priority document AU 251 1992. 

Claim 1 contains the feature "isoflavone phyto-oestrogen extract of soy or clover". The fea- 
ture "extract" is only disclosed on page 8 lines 19 to 24 of the priority document: 

"Similarly, these materials maybe used as a source of coumestans and isoflavins for 
further chemical or physical extraction. " 

"These materials" refer to soya hulls only or soya hypocotyls only or a mixture thereof (see 
priority document, page 8, lines 14 to 19). Thus, the priority document may arguably contain 
disclosure of an extract of soy hypocotyls or soy hulls but there is definitely no clear and un- 
ambiguous disclosure for the feature extract of "soy" in general (which would include other 
parts of the plant such as soy seeds or cotyledon). This is further highlighted by the fact that 
the application as filed teaches that it is a further advantage to use the hypocotyl as a source of 
isoflavones compared to the whole soya bean, because of the relative incidences of the differ- 
ent isoflavones in the hypocotyl as compared to the cotyledon (page 7 third paragraph from 
top of the application as originally filed). 

With respect to clover, the description only mentions subterranean clovers which include a 
limited number of species belonging to the genus of Trifolium (see priority document, page 9, 
line 17). However, there is no disclosure of other types of clover. More importantly, there is 
no clear and unambiguous disclosure at all of extracts of red clover or clover generally. 

The features "extract of soy" and "extract of clover" are therefore not entitled to the priority 
date ofAU 251 1992. 

The technical features of claims 2, 3 and 5 are not entitled to the priority date for the same 
reasons as above. 

Claims 6, 7, 8, 9 and 10 recite technical features of a medicament made with an extract com- 
prising specific isoflavone phyto-oestrogens in specific ratios, specific amounts, or a treat- 
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ment regime for using the medicament. These features are not disclosed in AU 2511992 and 
therefore these claims are not entitled to the priority of AU 251 1992. 

Claims 4 and 1 1 depend on claim 1 and are therefore not entitled to the priority date either. 

Consequently, the effective filing date of the claims as granted is the filing date of the Euro- 
pean application, i.e., May 19, 1993. 



V. Lack Of Novelty Over D2 (WO 94/23716) 

D2 is prior art according to article 54 (3) EPC in connection with article 54 (4) EPC and 
R23a. D2 discloses and claims the use of an isoflavonoid in the preparation of a medicament 
for treating or preventing symptoms of menopause or premenstrual symptoms. The invention 
taught in D2 features a medicament or dietary product comprising isoflavonoids, such as 
genistein, daidzein, biochanin A and formononetin. In particular, on page 1, line 24 to 28, D2 
discloses that isoflavonoids are constituents of soybeans and other plants, and are effective in 
reducing the symptoms of menopause and pre-menstrual syndrome. On page 2, line 9, it is 
disclosed that isoflavonoids may be administered in the form of a plant extract (soy extract in 
particular on page 2, line 16; an isoflavonoid-containing fraction extracted from soy on page 
3, lines 1 to 4). D2 explains that soy-based foods are not readily available or palatable to 
women accustomed to a Western-style diet (D2, page 2, lines 31 to 35). D2 further discloses 
that the isoflavonoid can be administered in medicament form, for example in the form of a 
tablet (page 3, lines 30 to 33). Thus, the technical features of claims 1, 2, 3, and 11 are dis- 
closed in D2. 

On page 3, lines 14 to 15 of D2, an administration of at least 30 mg per serving is disclosed. 
Thus, the technical features of claim 8 are disclosed in D2. 

On page 3, lines 19 to 24 of D2, a mixture of genistein and daidzein in a ratio of 2:1 as a pre- 
ferred embodiment is disclosed. Thus, the features of claims 6 and 7 are disclosed in D2. 
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Claim 9 contains a single technical feature, i.e., a regimen involving administration of the 
medicament once daily over a period of at least one month. This feature relates to non- 
commercial and non-industrial medical activities and cannot be used to delimit the claimed 
subject-matter from the prior art because it relates to subject matter excluded from patentabil- 
ity by Art 52(4) EPC (compare T317/95). 



VI. The Opposed Patent Lacks Inventive Step 

VI. 1 . Claim 1 lacks inventive step 

This claim relates to the use of an isoflavone phyto-oestrogen extract for the manufacture of a 
medicament for treatment in unit dosage form of specific symptoms or conditions. 

We point out that there is no definition for the term "unit dosage form" in the patent. Conse- 
quently, a unit dosage form can be any mode of administration of the medicament, i.e. tablets, 
capsules, infusions etc. Therefore, the use of an unit dosage form in claim 1 cannot be con- 
sidered as a solution to the problem presented. 

Furthermore, it is emphasized that the patent does not provide any data showing that the ad- 
ministration of an extract of soy or clover actually leads to the remediation of the three condi- 
tions recited in claim 1. Therefore, the objective problem to be solved by the invention can- 
not lie in the treatment of these three conditions. In view of the foregoing, we submit that 
there is no indication that this problem has been solved by the invention. 

Therefore, based on the language of claim 1, the problem that is purported to be solved must 
be the provision of an alternative source of isoflavones for the manufacture of a medicament. 
This problem is allegedly solved by using an isoflavone phyto-oestrogen extract of soy or 
clover. This interpretation is supported by the description in paragraphs [0029], [0030] and 
[0031] which discuss the difficulty in changing the diet of communities in developed coun- 
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tries and the strategy of providing phyto-oestrogen in purified form or providing foodstuffs 
enriched with phyto-oestrogens. 

VI. 1.1. Lack of inventive step of claim 1 over D3 (use of isoflavone clover extract as 
medicament ) 

One of the closest prior art is D3 (JP 6 1246 124 A) which discloses the isoflavone, genistein, 
"separated from subterranean clover" for use as a carcinostatic agent. D3 also teaches the use 
of various modes of administration and a daily dose of 200 to 1000 mg. 

The only difference between D3 and claim 1 is that an isolated isoflavone (genistein) from 
clover is used instead of an extract of clover. Genistein has been mentioned in the application 
as filed as a preferred isoflavone (see, for example, claim 6 as granted), so it must be assumed 
the extract contains genistein. 

In paragraph [0030] of the opposed patent, it is stated that an alternative strategy for making 
available phyto-oestrogens in a purified form is to be considered. We point out that the isola- 
tion and purification of a specific compound, such as an isoflavone from plants inevitably 
involves an extraction step. 

Given that it has been suggested that a single isoflavone (genistein) from clover has activity as 
a medicament, it follows that an extract of the whole clover plant would also contain this iso- 
flavone, and therefore also possess activity useful as a medicament. In other words, it is ob- 
vious to use an extract of clover containing isoflavones in the preparation of a medicament 
when it is known that clover contains isoflavones of medical activity. 

There is no data in the patent that shows that an isoflavone phyto-oestrogen extract of clover 
is in any way superior to the individual isoflavone phyto-oestrogens isolated from clover for 
manufacturing a medicament. 
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Therefore, it is obvious for a person skilled in the art who is looking for an alternative source 
for isoflavones as a medicament to start with D3 and use an isoflavone phyto-oestrogen ex- 
tract from clover. 

VI. 1 .2. Lack of inventive step of claim 1 over D4 fuse of isoflavone sov extract as me- 
dicament) 

The same argument applies mutatis mutandis to the use of an isoflavone phyto-oestrogen ex- 
tract from soy in view of the teaching of D4. D4 discloses the use of an extract from soy- 
beans for isolating isoflavone compounds that have a range of medicinal properties including 
oestrogenic activity and anticancer activity. D4 also teaches that the main substances in the 
extract which have carcinostatic activity are genistein and daidzein, and their derivatives. 
Therefore, it is obvious for a person skilled in the art who is looking for an alternative source 
for isoflavones as a medicament to start with D4 and use an isoflavone extract from soy. 

VL1 ,3. Lack of inventive step of claim 1 in view of D3 (for the feature clover extract) 
or D4 (for the feature soy extract) combined with D6 or the common general knowledge (for 
the feature , treatment of prostate cancer) . 

It has already been stated that the opposed patent does not provide any data for the treatment 
of prostate cancer. Therefore, the opposed patent does not solve the problem of treating 
prostate cancer and this feature should be disregarded in the assessment of inventive step. 
However, even if this feature is taken into consideration, the solution suggested by the op- 
posed patent would lack an inventive step. 

Applicant's representative filed sworn declarations by Graham Edmund Kelly, the inventor of 
the opposed patent; and by C. Hughes, in response to an official action on November 5, 2003. 
In the Kelly declaration, it was argued in point 6 that 

"there is a wide range of human cancers that are well known to be insensitive to drugs that 
have potent anti-cancer activity against specific forms of cancers... Prostate cancer is a nolo- 
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riously difficult cancer to treat The only chemotherapeutic approach of any significance is 
anti-androgen therapy .... Drugs with classical direct cytostatic or cytotoxic effect on cancer 
cells were typically not used clinically because of lack of efficacy. " 

We submit that Kelly's statement would indicate that he believed that although it was known 
that an isoflavone could be used as an agent against cancer, it would not have been obvious 
for a person skilled in the art to recognize that this agent could also be used as an agent for 
treating specifically prostate cancer. We believe this statement is misleading for the following 
reasons; 

First, it is submitted that it has been part of the common general knowledge at the priority 
date that prostate cancer is a hormone-responsive tissue and anti-androgen therapy is used as a 
treatment of prostate carcinoma as demonstrated by the teachings in the textbook, D5. Since 
it was known that isoflavones are oestrogenic (see the opposed patent at paragraph [0011]), 
the use of isoflavones in prostate cancer as part of the anti-androgen therapy of D5 would be 
obvious. 

Furthermore, D6 suggests the use of phytoestrogens for the treatment of cancers of hormone- 
responsive tissues (page 88, right hand column, first paragraph from top). As demonstrated 
by D5, the prostate is known to be a hormone-responsive tissue. 

Additionally, D9 clearly suggests isoflavones ("Ifls" in D9) as being protective with regard to 
the development of prostate cancer (page 33 1, right hand column, lines 15-17). 

D14 provides an overview of the associations between diet and sex hormones in the context of 
Western diseases which include prostate cancer. In a section entitled "Prostate Cancer" on 
page 14 of D 14, in lines 19 to 23 in particular, it is stated that epidemiological data available 
at the time suggests that 

"high levels of isoflavonic phytoestrogens in the traditional diet of Japanese men ... 
may also represent a protective factor ... inhibiting the growth of already existing 
small cancers. " 



16 



JONES DAY 



D14 further stated that data based on Adventist men and Hawaiian men of Japanese ancestry 
lent further support to the concept that intake of dietary isoflavones reduce the risk of prostate 
cancer. D14 concludes by suggesting that dietary isoflavones directly influence cancer cell 
growth and that the effect of soybean diets on prostate cancer may be a parallel to the obser- 
vation of the inhibitory effect of soybean diet on breast tumor incidence in experimental ani- 
mals (see page 14, second column, lines 1-7). We point out that, based on D14, a skilled per- 
son in the art at the time of the priority application would have known that dietary isoflavones 
would likely have an inhibitory activity against more than one type of cancer, that is not just 
breast cancer but also prostate cancer. This fact is also supported by the opposed patent, for 
example, in paragraphs [0028] and [0024]: 

"... it could be reasonably deduced from dietary data that greater levels of 
foodstuff high in estrogens in the standard diets in developed countries could 
be expected to redress a general imbalance... thereby reducing the predisposi- 
tion of those communities to the above diseases. " 

The "above diseases" include prostate cancer, menopausal syndromes and pre-menstrual syn- 
dromes, see paragraph [0024], 

D16, published by the same author further confirmed the association of diet and incidence of 
prostate cancer by studying the urinary excretion of isoflavone phyto-oestrogens and lignans. 
D16 also referred to a study which showed the preventive effect of dietary soy in an animal 
model of prostate cancer. 

D18 also suggests using isoflavones for the treatment of human prostate cancer. 

Therefore, D3 (with respect to isoflavone extract of clover) or D4 (with respect to the isofla- 
vone extract of soy) combined with the common general knowledge or with D9 or with D6 or 
with D14 or D18 and the common general knowledge teach all features of claim 1. 

VI. 1.4. Lack of inventive step of claim 1 in view of D6, D15, D7 combined with D6 
(treatment of menopausal or pre-menstrual symptoms) . 
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As already stated above the treatment of the three specific conditions has not been shown to 
be solved. Therefore, it is to be disregarded for determining the problem to be solved by the 
claimed invention. 

Even assuming that the treatment of menopausal or pre-menstrual symptoms were to be con- 
sidered as a problem to be solved, the solution suggested by the opposed patent would be ob- 
vious for the following reasons: 

D6 teaches that phyto-oestrogen isoflavones interfere with oestrogen metabolism. Therefore, 
their use in the treatment of pre-menstrual and menopausal symptoms is obvious. Moreover, a 
treatment of menopausal symptoms is explicitly taught in D6 (page 88, right hand second 
paragraph from bottom). Their use in Chinese herbal medications for the treatment of meno- 
pausal symptoms is mentioned. The fact that D6 also discloses that phytoestrogens may have 
detrimental properties, cannot be construed as teaching away from the invention since the 
skilled person looking for compounds to be used as medicaments has to take into account po- 
tential undesirable side effects. 

D7 discloses the use of a genus of isoflavones (genistein, for Rl = OH and R2 = H, biochanin 
A for Rl = methoxy and R2 = H) for the treatment of osteoporosis. Osteoporosis is one of the 
symptoms of menopause. Genistein is one of the isoflavones named as a preferred isoflavone 
and its abundance in clover and soy is well known in the art (see description of the opposed 
patent). 

D15 is a book, first published in 1990, by Dr. Susan M. Lark who used layman's language to 
explain the use of herbs including red clover to treat the symptoms of menopause. In par- 
ticular, on pages 131, red clover is disclosed to be useful for treating menorrhagia as well as 
hot flushes and vasomotor symptoms. She teaches on page 130 that "the herbs should be used 
in small amounts and taken with your meals either in capsule form or in a tea." Thus, any 
one, even those without knowledge in the art would have known to use a capsule (which is a 
type of dosage form) or a tea (which is a form of extract) containing red clover as a medica- 
ment for treatment of symptoms of menopause. 
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Consequently, D6, D15, or D6 combined with D7 teach all features of claim 1. 

VI. 1 . 5. Lack of inventive step of claim 1 over D8 

The already cited paragraph [0028] of the opposed patent states that 

"... it could be reasonably deduced from dietary data that greater levels of 
(foodstuff) high in estrogens in the standard diets in developed countries could 
be expected to redress a general imbalance... thereby reducing the predisposi- 
tion of those communities to the above diseases, " 

The "above diseases" include prostate cancer, menopausal syndromes and pre-menstrual syn- 
dromes, see paragraph [0024]. Here, the opposed patent itself acknowledges that it can be 
reasonably deduced from such epidemiological data, that greater intake of estrogens may be 
beneficial for the diseases and symptoms specified in claim 1. 

However, the epidemiological data referred to in the opposed patent were not identified. We 
note these data may be found, for example, in D8, or D14 as discussed above. 

It has been known before the filing date of the patent or priority document that isoflavone 
phyto-estrogens are oestrogenic (see for example D10, page 304; D6, page 81, left hand col- 
umn; D12, summary section or as admitted in paragraph [001 1] of the opposed patent). It is 
therefore obvious to use an isoflavone phytoestrogen extract in the preparation of a medica- 
ment for the treatment of the symptoms and diseases recited in claim 1 . 

Before the filing date of the patent or priority document it was known that clover and soya 
contain isoflavone phyto-estrogens and how they can be isolated or concentrated (see for ex- 
ample D10, page 304, top paragraph; D6, page 82; Dll, page 391, left hand paragraph; D13, 
tables 4 to 6; D17; or in paragraphs [0049] and [0055] of the opposed patent). We note that 
D17 discloses a method for extracting isoflavones from soy and soy products using an aque- 
ous/organic solvent mixture, and involves distillation and drying, prior to high performance 
liquid chromatography (HPLC) analysis - see D17, page 316, last paragraph. The results of 
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D17 showed that soy-based foodstuffs or dietary supplements, such as soy-milk, soy flakes 
and textured soy, contain isoflavone phytoestrogens, and that these isoflavones were extracted 
and analyzed by HPLC in the context of their association with the incidence of human dis- 
eases. In paragraph [0030] of the opposed patent, it is stated that an alternative strategy for 
making available phyto-oestrogens in a purified form is to be considered. 

Therefore, no inventive activity is involved in using an isoflavone-phytoestrogen extract of 
clover or soy for the preparation of the medicament above. 

Therefore, the "invention" is obvious over D8 and the general common knowledge as stated in 
the opposed patent. 

VI.2 . Lack of inventive step of the dependent claims 

Since claims 2 to 11 are dependent on claim 1, claims 2 to 11 also lack inventive step. 
Moreover, the dependent claims do not contain any technical features the incorporation of 
which into claim 1 would render claim 1 inventive. 

VI.2.1. Claim 2 specifies that the medicament further comprises dietary suitable ex- 
cipient. There is no inventive activity based on this feature as excipients suitable for dietary 
use are very well known in the art. 

VI.2.2. Claim 3 specifies that the extract is from soya and claim 5 specifies that it is 
from clover. These limitations in the claims do not provide additional technical features over 
claim 1, and thus cannot establish an inventive step as it has been demonstrated with respect 
to claim 1 . 

VL2.3. Claim 5 specifies that the extract is from soya hypocotyls. It has been known 
that hypocotyls have a high content of isoflavones (see page 7 of the application as filed). It 
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is obvious to use a specific part of a plant that has a high content of a desired compound as 
starting material for making an extract. 

VI.2.4. Claims 6 to 10 specify the identities of the isoflavones, the amounts present in 
the unit dose, ratios of different isoflavones, and regimes of administration. Without a dem- 
onstrated benefit associated with these features, they have to be considered as mere selections 
without any associated technical effects. We note that the ratio of the isoflavones recited in 
claim 7 lies within the ratio of the isoflavones described in D10 for isolated isoflavones from 
red clover. We also note that the presence of lignans in soy-based diets and their association 
with benefits in the context of prostate cancer is discussed in D17. Like claim 1, no inventive 
step can be found for the subject matter of these dependent claims. 

VI.2.5. Claim 1 1 specifies the unit dosage to be a tablet or capsule. There is no inven- 
tive activity in the selection of these features. Like claim 1, no inventive step can be recog- 
nised in claim 11. 

VII. The Opposed Patent Does Not Disclose The Invention In A Manner Sufficiently 
Clear And Complete To Be Carried Out By A Person Skilled In The Art 
(Art 100 (b) EPC and Art. 83 EPC) 

VH 1 . Preparation of the extracts 

When looking at the description of the patent, example 1 describes a preparation of a red clo- 
ver product according to the invention. Specifically in paragraph [0072]. an extraction proc- 
ess is described and the final step of that process reads: 

"The supernatant is separated from the undissolved plant material and 
the organic solvent removed by distillation. The aqueous supernatant 
then is concentrated, typically by distillation". 
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This means the plant extract is in the aqueous phase and the aqueous phase is to be concen- 
trated. There is no indication to what concentration the extract is to be concentrated, but it 
appears to be clear that the solvent is not necessarily completely removed, i.e. the final end 
product is not a dry powder but is probably a concentrated liquid. 

Example 3 describes the administration of a red clover extract which is in the form of a dry 
powder of which the concentration of isoflavones is given. However, example 3 is not pre- 
pared according to the invention, and thus does not provide any information with respect to 
the invention. 

It is the extract which is to be used as a medicament for administration to humans. Therefore, 
all indications in the claims and the description which specify an amount for administration 
(for example claim 8), do not provide any clear guidance to the person skilled in the art, since 
they refer to the amount of the extract but the concentration of isoflavones in that extract is 
undetermined and varies with the extent to which the solvent has been distilled off. Of course 
the concentration of isoflavones also depend on the solvent and extraction conditions used in 
the extraction step. 

There is no information at all for the preparation of a soy extract. Example 2 only describes 
the separation of soy hypocotyls and example 4 describes the administration of a hypocotyl 
powder, i.e. milled hypocotyls, which is added to a diet. 

VII.2. Treatment of symptoms or diseases 

As mentioned already under in., the opposed patent lacks information on the treatment of 
prostate cancer and menopausal symptoms. Example 4 describes the administration of soy 
hypocotyl powder to a total of 15 people, 8 of which were women. The age of the women is 
not indicated, i.e., there is no indication whether the women are in the climacterium. The 
women are not prone to prostate cancer and the men are not subject to menopausal symptoms. 
There is no control group. The example reportedly show a significant fall of cholesterol lev- 
els for individuals having cholesterol levels greater than average. 
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From this example, no information can be derived with respect to the treatment of prostate 
cancer, menopausal symptoms or pre-menstrual symptoms. It is submitted that the only in- 
formation given to the person skilled in the art with respect to administration and treatment is 
to reduce the level of cholesterol. We note that there is no explicit teaching of the concentra- 
tion of the isoflavones to be administered for the treatment of the three conditions recited in 
claim 1. There is no teaching on how the extract is to be prepared, what the composition 
should contain. However, according to paragraph [0047] of the opposed patent, the concen- 
tration and actual isoflavones present in a composition appear to be important for not having 
any detrimental effect in humans. This fact is also supported by D6 wherein some detrimental 
effects of phyto-oestrogens in humans have been reported, and by Mr. Kelly's comment in his 
declaration that phyto-estrogens are generally noxious and may have a deleterious role in 
various diseases. 

Given the lack of precise information, the skilled person is left to experiment in order to iden- 
tify the efficacious concentration range and isoflavone composition for treating prostate can- 
cer, pre-menstrual symptoms and menopausal symptoms. In particular with respect to treat- 
ment of humans, high safety standards apply. Given the lack of precise information in the 
opposed patent, identifying the appropriate range and composition must be considered as un- 
due burden (T3 12/88). 

We also point out that the Hughes declaration, submitted by the applicant during examination 
on October 21, 2003, was particularly critical of the reliability of the epidemiological data and 
the teachings presented in D8. However, the applicant relied on similar epidemiological data 
to support the alleged invention (see priority document, page 6, lines 3 to 15 and; paragraphs 
[0020 to [0038] of the opposed patent). More importantly, the applicant neglected to provide 
any data to enable the alleged invention in the treatment of prostate cancer, and menopausal 
symptoms. Thus, if the applicant maintains that the alleged invention contains an inventive 
step because the prior art teachings are considered to be too speculative, the disclosure of the 
opposed patent would likewise fails to provide sufficient details and certainty to allow one of 
skill in the art to carry out the alleged invention. 
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VIIL Conclusion 

In our view we have been able to demonstrate that none of the granted claims is patentable 
according to the requirements of Art. 54, 56, 83 and 123 EPC. The patent is to be revoked in 
its entirety. 
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Until There is a Cure, 
We Will Provide the Means to Cope!! 



August, 1998 

Selenium and "Man's Best Friend": 
Warriors Against Prostate Cancer 

As the incidence of prostate cancer increases, so 
do the number of homeopathic and 
complementary treatments which promise a 
"cure" for the disease or its side-effects, many 
are pure promotional hype, unsubstantiated 
science or anecdotal claims without supporting 
data all geared to separate you from your money 
in return for a glimmer of hope. 

Yet we know that certain vitamins and minerals, 
herbs and foods CAN have a positive 
therapeutic effect. This month we will look at 
one of them - Selenium. 

Dr. David Waters, Associate Professor of 
Surgery and Comparative Oncology, in the 
School of Veterinary Medicine at Purdue 
University has done significant groundbreaking 
research on the positive impact of selenium in 
prostate cancer chemoprevention utilizing 
several canine models. 



Dr. Waters, please solve the confusion for me 
and I'm sure our viewers, how does veterinary 
medicine and the use of dogs relate to human 
prostate cancer? 

DW: The dog is the only non-human creature in 
which prostate cancer naturally occurs with a 
high degree of frequency. Overall, cancer is the 
primary cause of death in 40% of dogs. In our 
work we have seen dogs manifest many of the 
same cancers as humans, i.e. breast, lymphoma, 
melanoma, prostate, etc.; thus we concluded that 
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a critical hypothesis could be developed that 
would attempt to identify prostate cancer 
markers in dogs that would have relevance for 
chemoprevention potential for humans. 

VS: How do dogs develop prostate cancer and 
are there tests, like the PSA blood screen, which 
provide a marker for canines and possibly 
humans? 

DW: Just as with humans, we don't know why 
dogs develop prostate cancer and the PSA is not 
a valid test because the production of PSA is 
restricted to humans and non-human primates. 
Again, as with humans, there has not been a lot 
of attention paid to prostate cancer in dogs. We 
have begun the first systematic study of the 
disease because our preliminary research has 
shown that 55% of the dogs autopsied at time of 
death had prostatic intraepithelial neoplasia 
(PIN), which is the putative pre-cursor of many 
human prostate cancers, even though there had 
been no clinical signs of prostatic disease. 

VS: Is this marker - PIN - significant? 

DW: Definitely, because it tells us that early 
carcinogenic events may be occurring within the 
dog's prostate, but the animals aren't living long 
enough for the cancer to be identified or treated 
as such. If we can identify the elements 
associated with this marker we can conceivably 
develop a chemopreventive strategy viable for 
the treatment of prostate cancer in humans. In 
addition to PIN, we will be looking for 
correlation between other bio-markers, such as 
the level of selenium in dog toenails and the 
presence 80HdG in the urine with the incidence 
of prostate cancer. 

VS: You've recently been funded by the 
Department of Defense for a research proposal 
on the prevention of prostate cancer. Tell us 
about it. 

DW: We are looking to validate the dog as a 
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pre-clinical model for the testing of 
chemopreventive agents for prostate cancer. We 
are using dogs because, compared with rodents, 
they will present results more directly 
translatable to humans. We envision a short term 
study lasting approximately 2 years compared 
with 8 or more years using conventional 
protocols in human trials because the pet dog, in 
its diet and environment and breeding, more 
closely approximates the conditions under which 
human males will present prostate cancer. Dogs 
live in homes and locales as humans, 
approximately 30% of their diet comes from 
table scraps, they are not as in-bred as rodents 
and the ability to monitor their diet, etc. is easier 
to manage than with humans. 

VS: Selenium, as a mineral supplement, has 
traditionally been used as an aid to preventing 
heart disease as well as an antioxidant enzyme. 
What is the benefit relative to prostate cancer? 

DW: Our interest in Selenium and prostate 
cancer chemoprevention is based on our work 
which we did with Dr. David Bostwick(at the 
Mayo Clinic) and the data from Dr. Larry Clark 
(University of Arizona) that Selenium lowered 
the overall incidence of certain cancers, 
including prostate. It seems logical that we 
should determine the effect of selenium 
supplements on prostate carcinoma in a 
controlled investigation. We believe that 
selenium can have antioxidant properties which 
will reduce cumulative oxidant damage within 
the prostate. Significant benefits could be 
achieved by preventing or slowing the growth of 
the disease, since aging is the most significant 
risk factor. 

VS: In your initial research, at what dosage 
levels will you evaluate for chemopreventive 
results? 

DW: Our initial dosage in the dog models will 
be 3mcg and 6mcg per kilo of body weight 
which translates roughly into the daily 
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recommendations of 200 meg or 400 meg in the 
human studies underway. 

VS: At this point has there been enough 
evidence to recommend the usage of selenium in 
humans as a therapy against prostate cancer, or 
as a preventive measure against contraction of 
the disease? 

DW: Our studies are only in the preliminary 
stage. We will receive funding from the 
Department of Defense in October '98 at which 
time we will begin to implement our research 
protocols. We are at least 2 years away from 
being able to definitely state that it is an 
effective chemopreventive agent. 

VS: We have noted that some other "natural" 
substances such as, Vitamins C, D, and E and 
soy, calcium, magnesium and zinc are prostate 
cancer fighters. Can you comment on how 
Selenium interacts with these or other 
substances either positively or negatively? 

DW: As part of our study we will also be testing 
DHEA. There is some concern that it may 
actually aggravate prostate cancer because of its 
pro-androgenic properties. But this is the 
strength of our experimental design; we will be 
running a double-blind trial using a placebo and 
controlled selenium dosages. We will be able to 
determine the efficacy of selenium in 
preventing/controlling the growth of pre- 
malignant lesions and prostate cancer in our 
subjects. Compare this with humans in a clinical 
trial who are being evaluated for a particular 
-therapy, yet may be "contaminating" the results 
based on their taking some other self-medicated 
substances, thereby potentially altering or 
invalidating the data. Ultimately we anticipate 
that selenium may be used in combination with 
some other chemopreventive agent in a 
"cocktail" supplement. 

VS: As with most clinical trials I would assume 
that you need subjects to help validate your 
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hypotheses. What kind of canine volunteers are 
you looking for? 

DW: We are looking for 360 healthy, sexually 
intact adult male dogs of various breeds. We 
have constructed an algorithm which factors in 
age and body size to produce an expected life 
span which would equate to a human life span. 
The dogs that will be in the study would equate 
to a human age range of 50 to 70 years. 
Although we would expect to pull most of our 
subjects from the Chicago Metro/Indiana area, 
we are seeking to create collaborations with 
veterinarians and pet owners around the country 
so that we can more effectively accrue cases. 

VS: Will the dogs be exposed to any prostate 
cancer cells/tissue, viruses or any other 
potentially toxic agents? 

DW: Absolutely not! ! ! They will receive either 
a sugar pill or selenium capsule daily for the rest 
of their lives, which we would estimate would 
be in the 2 year cycle of our study. They will 
also receive regular checkups to monitor their 
diet and overall health. 

VS: After the dogs die of whatever natural 
causes, what will your procedure be? 

DW: We will conduct an autopsy and evaluate 
the total prostate which will yield more data 
about the disease versus just a biopsy. We will 
also measure 80HdG and toenail selenium 
levels to test our hypothesis in identifying 
markers viable for human prostate cancer. 

VS: If our viewers wish to get more information 
on the study, how can they contact you? 

DW: They should contact me via e-mail at; = 
waters@vet.purdue.edu 

VS: How can our viewers volunteer their dogs 
to be = participants in this trial? What is the 
criteria for acceptance and are there any stipends 
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provided for participation? 

DW: Dog owners can contact me directly or, 
better yet, through their local veterinarians as 
soon as possible and definitely prior to October 
1st. The algorithmic-adjusted age of the dog will 
be the primary factor assuming that they meet 
the other criteria of health and sexual condition. 

We will not be offering any stipend because of 
the limits of our study funding. However, 
prostate cancer touches the lives of over 200,000 
men annually and a multiple number of family 
members and friends. There are millions of 
people who have seen the devastating impact of 
prostate cancer on their lives. We would 
sincerely hope that they would see this as a 
chance to stem the carnage of this disease on 
any other family by volunteering their animals 
to be a part of this effort. We only need 360 
dogs out of the entire U.S. population! ! ! ! 

Thank you again, Dr. Waters, for sharing this 
exciting information and also providing us with 
some tangible evidence of the Department of 
Defense's Prostate Cancer Research support 
initiatives. 

NOTE: We strongly urge our viewers to 
contact their Congressmen and Senators to 
push for more Federal dollars for prostate 
cancer research. 



For additional information on selenium and 
prostate cancer, we recommend that you review 
Dr. Larry Clark's study. Click Here to see the 
article. 



http://www.prostate-online.com/wnew9808.html 



12.06.2005 



f : / 



PCT 



• * .• • • • 



WORLD INTELLECTUAL PXOIIATY ORWWTZATON 
International bureau 




•**♦ 7b 



• « 
* ♦ 

• • « 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCD 



(51) International Patent Classification 5 : 
A61K 31/35 



Al 



(11) International Publication Number: WO 94/23716 

(43) loUrnational Publication Date: 27 October 1994 (27.10.94) 



(21) International Application Number: PCT/US94/04189 

(22) International FUing Date: 15 April 1994 (15.04.94) 



(30) Priority Data: 

08/049,006 16 April 1993 (16.04.93) US 



(71) Applicant: TUFTS UNIVERSITY SCHOOL OF MEDICINE 

^JS/USl; 136 Harrison Avenue, Boston, MA 02111 (US). 

(72) Inventors: GORBACH. Sherwood. U 429 Beacon Street, 

Chestnut Hill. MA 02115 (US). GOLDIN, Barry, R4 38 
Adella Avenue, West Newton, MA 02165 (US). ADLER* 
CREUTZ, Herman: Department of Clinical Chemistry, Uni* 
versity of Helsinki, Mctlafan' Hospital, FIN-00290 Helsinki 
(FT). 

(74) Agent: CLARK. Paul. T Fish & Richardson, 225 Franklin 
Street, Boston, MA 021 10-2804 (US). 



(81) Designated States: AT, AU. BB. BG. BR, BY, CA CH CN 
CZ, DE, DK. ES t FL GB. HU. JP, KP, KR, KZ, UL LU 
LV, MG. MN, MW, NL, NO, NZ, PL, FT, RO, RU, SD 
SE, St, SK, TT, UA UZ. VN, European patent (AT BE. 
CH, DE, DK, ES. FR, GB, GR, IE. IT, LU. MC, NL PT 
SE). OAPI patent (BF, BJ, CF, CG, a CM. GA GN. ML 
MR, NE. SN, TD, TG). 



Published 

With international search report. 



(54) Title: METHOD FOR TREATMENT OF MENOPAUSAL AND PREMENSTRUAL SYMPTOMS 
(57) Abstract 



A method b provided for preventing or treating symptoms of menopause, premenstrual syndrome, or a condition resulting from 
reduced levels of endogenous cstrogeo, by administering to the woman an effective amount of an isoflavonoid. The invention also features 
a therapeutic dietary product containing isoflavouoids, for preventing or treating symptoms of conditions resulting from reduced or altered 
levels of endogenous estrogen. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to ideoufy States party to the PCT on the front pages of pamphlets publishing iateraational 
applications under the PCT. 



AT 


Auitru 


GB 


United ^bytom 


MR 




AU 


Autfralk 


ce 


GcctfU 


MW 


Malawi 


BB 


Barbadoa 


CN 


Guinea 


NE 


BE 




GR 


Greece 


ML 


NcDEftlDdl 


BP 


BuktuFuo 


mi 


Hungary 


NO 




BG 


BulfaTU 


IE 


Ireland 


HZ 


KcwZcaUod 


aj 


BCSID 


rr 


Italy 


PL 


FoUnd 


BR 


Brail 


jp 


Japan 


PT 


Fonup] 
Romania 


BY 


Bdaiui 


KE 


Kenya 


RO 


CA 


Cw**la 


KG 


Kjtjytun 


KO 


Rosaiaa Fn&crinoQ 


CT 


Ccodil African Republic 


KP 


Democratic Pcopk'* RqwbUc 


SD 


Sodao 


CG 






of Knrea 


SB 


Sweden 


CH 


Swtacrlaod 


KR 


Republic of Korea 


SI 


Standi 


a 


Cftte d'lvoln: 


KZ 


Kaxikfeatia 


SK 


Sbvatta 


CM 


ClfflCRWO 


U 




SN 


ScoegU 


CN 


Chin* 


LK 


SriUnfci 


TD 


Qud 


CS 






Luxciobouji 


TG 


Togo 


CI 


Gut Republic 


LV 


Ltfm 


TJ 


TajttMaa 


DC 




MC 


Monaco 


TT 


TrUndad and Tobago 


OK 


Damuut 


MD 


Republic of MoWov* 


OA 


Ufcninc 


ES 

n 


Spw 


MC 


kUda|ucsr 


US 


Untod Sum of America 


Finland 


ML 


Mall 


uz 


VtbddHin 


Fit 


Fnooc 


MN 




VN 


Vict Nam 


CA 


Gtboo 









WO 94/23716 



«• • 



• • • • * * 

• • • • 

» • • 



- 1 - 



METHOD FOR T REATMENT OF MENOPAUSAL 
AND PREMENSTRUAL SYMPTOMS 
Background of the invention 
5 The present invention relates to therapies for the 

prevention and treatment of menopausal and premenstrual 
symptoms • 

It has long been recognized that the sharp 
reduction in endogenous estrogen levels which occurs 

10 prior to menopause causes a variety of unpleasant 

symptoms, e.g., hot flashes, nausea, nervousness, and 
malaise. Currently, the symptoms of mqnopause are 
treated by estrogen replacement therapy*, which has 
recently been shown to increase the risk of certain types 

15 of cancer, such as endometrial cancer and breast cancer. 
Changes in levels' of endogenous estrogen may also be 
responsible for "premenstrual syndrome 11 , a condition 
occuring in younger women prior to menstruation. 
Premenstrual symptoms are treated With a variety of 

20 hormonal and nonhormonal therapies, which may cause side 
effects. Safer and more effective therapies for both 
conditions continue to be sought. 

Summary of the Invention 
The inventors have found that isof lavonoids, which 

25 are constituents of soy beans and other plants, 

effectively reduce the symptoms of conditions which are 
caused by reduced or altered levels of endogenous 
estrogen, e.g., menopause, and premenstrual syndrome. 
Without being bound by any theory, it is believed that 

30 the isof lavonoids bind to estrogen receptors, and thus 
exert an estrogenic response. These compounds, which are 
present naturally in soy-based and other plant-based 
foods, are safe and cause no significant side-effects. 
[ Isof lavonoids which-may be administered according to the 

35 invention include genistein, daidzein, Biochanin A f 
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fo rmononetin , O-desmethylangolensin, and equol; these may 
be administered alone or in combinatio n. 

Accordingly, in one aspect, the invention features 
a method of preventing or treating the symptoms of 
5 menopause, premenstrual syndrome, or a condition 

resulting from reduced levels of endogenous estrogen, by 
administering to the woman an effective amount of at 
least one isof lavonoid. The isoflavonoid may be 
administered in any suitable form, e.g., in the form of a 

10 plant extract rich in isof lavonoids or in the form of a 
purified or synthesized isoflavonoid. 

In another aspect, the invention features a 
therapeutic dietary product for preventing or treating 
symptoms resulting from reduced or altered levels of 

15 endogenous estrogen. ^The dietary product preferably 

includes a s oy e xtract containing enriched isof lavonoids, 
provided in a palatable food carrier, e.g., a 

confectionary bar, 'biscuit, cereal or beverage. ) 

Other features and advantages of the invention 

20- will be apparent from the Description of the Preferred 
Embodiments thereof, and from the claims. 

Description of the Preferred Embodiments 
Isof lavonoids are naturally occurring substances, 
found primarily in soy beans. These compounds are also 

25 found in lower concentrations in many other plants. 
Isoflavonoids can thus be administered to a patient by 
placing the patient on a diet containing high levels of 
soy-based food products, e.g., tofu, miso, soybeans, 
aburage, atuage and koridofu, or other plant products 

30 rich in isoflavonoids. 

These products may not be readily available in all 
geographic regions (most of these foods are served 
predominantly in Japan) , and are not be palatable to many 
women, particularly^those accustomed to Western-style 

35 food. 
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Accordingly, an isof lavonoid-containing fraction 
can be extracted from a soy or plant product. It is 
preferred that the isof lavonoids be extracted and 
concentrated from soy bean or soy powder. Isof lavonoids 
5 are also available commercially in substantially pure 
form. The concentrated isoflavonoid is preferably 
included in a food carrier to form a dietary product. 
Any type of palatable carrier may be used, but, as the 
isoflavonoid concentrate has a strong flavor, it is 

10 preferred that the carrier include suitable flavorings to 
impart a different, more palatable flavor. The dietary 
product may be any type of food product, e.g., a 
confectionary bar, biscuit, cereal or beverage. 

fit is preferred that the dietary product contain 

15 at least 30 mg/serving total isof lavonoids. The 

isoflavonoid concentrate included in the dietary product 
preferably includes a blend primarily comprised of 
genistein and daidzein. The concentrate typically also 
contains lower levels of other isof lavonoids . j~Host 

20 preferably, the dietary product contains from about 10 to 
30 mg/serving, more preferably about 20 mg/serving of 
genistein, and from about 5 to 10 mg/serving, more 
preferably about 7 mg/serving of da^idzeiruj Preferably, a 
dietary product containing the preferred dosage of 

25 isof lavonoids would be consumed at least once per day, 
preferably 1 to 2 times per day depending upon the 
severity of the woman's symptoms. 

While it is preferred that the isoflavonoid be 
administered in the form of a dietary product, if desired 

30 the isoflavonoid could be administered, preferably in 
similar dosages, in medicament form, e.g., mixed with a 
pharmaceutically acceptable carrier to form a tablet, 
powder or syrup. 
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Example 

The connection between diet and estrogen excretion 
was studied in Japanese women and men, and in a few ^ 
children. The women's mean age was 50,4 (SD 18 .0) years 
5 and they were all from a small village south of Kyoto and 
consumed a traditional Japanese low-fat diet. 
Isof lavonoid excretion in the urine was measured in a 
group of three men f three women, and three children 
living in Kyoto and consuming the traditional diet. We 

10 found a very high excretion of isoflavonoids in the urine 
of these subjects. The mean values were almost identical 
in the two groups and especially high excretion was found 
for genistein (maximum 15.5 umol per 24h in a man) and 
two other isoflavonoids, daidzein and equol (Table 1). 

15 All these compounds bind to estrogen receptors and have 
weak estrogenic activity. The excretion of the 
isoflavonoids in urine of the Japanese women was much 
higher than previously determined levels in American and 
Finnish women (Table l) . Excretion was high in children 

20 as in middle-aged and old people. These compounds were 
excreted in 100-fold to 1000-fold higher amounts than the 
levels of endogenous estrogens excreted by normal 
omnivorous women consuming a western or oriental diet 
(Table 1). 

25 The excretion of the isoflavonoids in urine was 

associated with intake of soy products such as tofu, 
miso, aburage, atuage, koridofu, soybeans, and boiled 
beans . 

It is known that Japanese women have a lower 
30 incidence of menopausal symptoms and premenstrual 
symptoms than the American and Finnish women. 
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Table 1 



Urinary 
isof lavonoid 
or estrogen 
(naol/day) 


Japanese/ 
Oriental 


American 


Pinnish 


Genistein 


3440(n=3) 




32.1(n=12) 


Daidzein 


2600(n=10) 


2l6(n=21) 


40.5(n=12) 


Equol 


2600(n=10) 


62.8(n=21) 


44.2(n=12) 


Oestrone 

(postmenstru 

al) 


4.48 (n=9) 




4.48(n=10) 


Oestradiol 

(postmenstru 

al) 


0.76(n=9) 


• • 


0.94(n=>10) 


Oestriol 

(postmenstru 

al) 


4.48 (n=9) 


• • 


4.44(n=10) 
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CLAIMS 

1. Use of an isoflavonoid in the preparation of a 
medicament for preventing or treating a medical condition 
in a woman caused by reduced or altered levels of 
endogenous estrogen. 



2. The use of claim 1, wherein said isoflavonoid 
is selected from the group consisting of genistein, 
d aidze in, Biochani n h, formononetin, 0- 
desmethylangolensin and eguol. 

10 > 3. The use of claim 1 wherein said isoflavonoid 

is in a unit dosage of at least 30 mg. 

4. The use of claim 1 wherein genistein and 
daidzein isof lavonoids are present in said medicament. 

5. The use' of claim 4 wherein said isoflavonoid 
15 comprises from about 10 to 30 mg gerfistein and from about 

5 to 10 mg daidzein. 



6. The use of claim 1 wherein said medicament is 
in the form of a dietary product.- 

7. The use of claim 6 wherein said dietary 
20 product contains at least 30 mg/serving of said 

isoflavonoid. 



8. The use of claim 6 wherein said dietary 
product is a confectionery bar containing said 
isoflavonoid. 



25 



9. The use of claim 6 wherein said dietary 
product is a cereal ^containing said isoflavonoid. 
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10. The method of claim 6 wherein said dietary 
product is a biscuit containing said isof lavonoid. 



11- The method of claim 6 wherein said dietary 
product is a beverage containing said isof lavonoid- 

5 12. A dietary product for preventing or treating 

symptoms of menopause, premenstrual syndrome, or 
conditions resulting from reduced or altered levels of 
endogenous estrogen, comprising at least one isof lavonoid 
provided in a non-soy-based palatable food carrier. 



10 13. The dietary product of claim 12 comprising 

genistein and daidzein isof lavonoids . 

14. The dietary product of claim 12 wherein the 
food carrier is a confectionery bar. 

15. The dietary product of claim 12 wherein the 
15 food carrier is a cereal. 



16. The dietary product of claim 12 wherein the 
food carrier is a biscuit. 

17. The dietary product of claim 12 wherein the 
food carrier is a beverage. 

20 18. The dietary product of claim 12 wherein the 

food carrier contains an amount of the isof lavonoid which 
is effective in reducing the symptoms. 

19. The dietary product of claim 18 comprising at 
least about 30 mg isof lavonoids per serving. 
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20. The dietary product of claim 13 wherein said 
dietary product comprises from about 10 to 30 mg/serving 
genistein and from about 5 to 10 mg/serving daidzein. 
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ATTORNEY DOCKET HO: 05495/003001 
METHOD FOR TREATMENT OF MENOPAUSAL AKP PREMENSTRUAL SYMPTOMS 
ftqcftground oC-the Inven^on 
The present invention relates to therapies for the 
5 prevention and treatment of menopausal and premenstrual 
symptoms . 

It has long been recognized that the sharp reduction 
in endogenous estrogen levels which occurs prior to 
menopause causes a variety of unpleasant symptoms, e.g., hot 

10 flashes, nausea, nervousness, and malaise. Currently, the 
symptoms of menopause are treated by estrogen replacement 
therapy, which has recently been shown to increase the risk 
of certain types of cancer, such as endometrial cancer and 
breast cancer. Changes in levels of endogenous estrogen may 

15 also be responsible for "premenstrual syndrome* 1 , a condition 
occur ing in younger women prior to menstruation. 
Premenstrual symptoms are treated with a variety of hormonal 
and nonhornonal therapies, which may cause side effects. 
Safer and more effective therapies for both conditions 

20 continue to bo sought. , 
Summary of the Invention 
The inventors have found that isof lavoncids, which 
are constituents of soy beans and other plants, effectively 
reduce the symptoms of conditions which are caused by 

25 reduced or altered levels of endogenous estrogen, e.g., 

menopause, and premenstrual syndrome. Without being bound 
by any theory, it is believed that the isof lavonoids bind to 
estrogen receptors, and thus exert an estrogenic response. 
These compounds, which are present naturally in soy-based 

10 and other plant-based foods, are safe and cause no 

significant side-effects. Isof lavonoids which nay be 
administered according to the invention include genistein, 
daidzein, Biochanin A, formononetin, O-desraethylangolensin, 
and equol; thsse may be administered alone or in combination. 



Accordingly, in one aspect, the invention features a 
method of preventing or treating the symptoms of menopause, 
premenstrual syndrome, or a condition resulting from reduced 
levels of endogenous estrogen, by administering to the woman 
an effective amount of at least one isof lavonoid. The 
isoflavonoid may be administered in any suitable form, e.g., 
in the form of a plant extract rich in isof lavonoids or in 
the form of a purified or synthesized isof lavonoid. 

In another aspect, the invention features a 
therapeutic dietary product for preventing or treating 
symptoms resulting from reduced or altered levels of 
endogenous estrogen. The dietary product preferably 
includes a soy extract containing enriched isof lavonoids, 
provided in a palatable food carrier, e.g., a confectionary 
bar, biscuit, cereal or beverage. 

Other features and advantages of the invention will 
be apparent from the Description of the Preferred 
Embodiments thereof, and from the claims. 

Description of the Preferred Embo diments 
Isof lavonoids are naturally occurring substances, 
found primarily in soy beans. These compounds 'are also 
found in lower concentrations in many other plants. 
Isof lavonoids can thus be administered to a patient by 
placing the patient on a diet containing high levels of soy- 
based food products, e.g., tofu, miso, soybeans, aburage, 
atuage and koridofu, or other plant products rich in 
isof lavonoids. 

These products may not be readily available in all 
geographic regions (most of these foods are served 
predominantly in Japan), and are not be palatable to many 
women, particularly those accustomed to Western-style food. 

Accordingly, an isof lavonoid-containing fraction can 
be extracted from a soy or plant product. It is preferred 



that the isof lavonoids be extracted and concentrated from 
soy bean or soy powder. Isof lavonoids are also available 
commercially in substantially pure form. The concentrated 
isoflavonoid is preferably included in a food carrier to 
form a dietary product. Any type of palatable carrier may 
be used, but, as the isoflavonoid concentrate has a strong 
flavor, it is preferred that the carrier include suitable 
flavorings to impart a different, more palatable flavor. 
The dietary product may be any type of food product, e.g., a 
confectionary bar, biscuit, cereal or beverage. 

It is preferred that the dietary product contain at 
least 30 mg/serving total isof lavonoids. The isoflavonoid 
concentrate included in the dietary product preferably 
includes a blend primarily comprised of genistein and 
daidzein. The concentrate typically also contains lover 
levels of other isof lavonoids. Most preferably, the dietary 
product contains from about 10 to 30 mg/serving, more 
preferably about 20 mg/serving of genistein, and from about 
S to 10 mg/serving, more preferably about 7 mg/serving of 
daidzein. Preferably, a dietary product containing the 
preferred dosage of isof lavonoids would be consumed at least 
once per day, preferably 1 to 2 tiroes per day depending upon 
the severity of the woman's symptoms. 

While it is preferred that the isoflavonoid be 
administered in the form of a dietary product, if desired 
the isoflavonoid could be administered, preferably in 
similar dosages, in medicament form, e.g., mixed with a 
pharmaceutical ly acceptable carrier to form a tablet, powder 
or syrup. 

Example 

The connection between diet and estrogen excretion 
was studied in Japanese women and men, and in a few 



children. The women's mean age was 50.4 (SD 1B.O) years and 
they were all from a small village south of Kyoto and 
consumed a traditional Japanese low-fat diet. Isoflavonoid 
excretion in the urine was measured in a group of three men, 
three women, and three children living in Kyoto and 
consuming the traditional diet. We found a very high 
excretion of isof lavonoids in the urine of these subjects. 
The mean values were almost identical in the two groups and 
especially high excretion was found for genistein (maximum 
15.5 umol per 24h in a man) and two other isof lavonoids, 
daidzein and eguol (Table l) . All these compounds bir.2 to 
estrogen receptors and have weak estrogenic activity. The 
excretion of the isof lavonoids in urine of the Japanese 
women was much higher than previously determined levels in 
American and Finnish women (Table 1) . Excretion was high in 
children as in middle-aged and old people. These compounds 
were excreted in 100-fold to 1000-fold higher amounts than 
the levels of endogenous estrogens excreted by normal 
omnivorous women consuming a western or oriental diet (Table 
1). 

The excretion of the isof lavonoids in urine was 
associated with intake of soy products such as tofu, niso, 
aburage, atuage, koridofu, soybeans, and boiled beans. 

It is known that Japanese women have a lower 
incidence of menopausal symptoms and premenstrual symptoms 
than the American and Finnish women. 

Other embodiments are within the claims. 
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1. k method of preventing or treating a medical 
condition in a woman caused by reduced or altered levels of 
endogenous estrogen, said method comprising administering to 
the woman an effective amount of an isof Iavonoid. 

2. The method of claim l, wherein said isof iavonoid 
is selected from the group consisting of genistein, 
daidzein. Biochanin A t formononetin, O-desntethylangolensin 
and equol. 

3. The method of claim i wherein said isof Iavonoid 
is administered in a dosage of at least 30 mg. 

4. The method of claim 3 wherein said isof Iavonoid 
is administered in said dosage at least once per day, 

5. The method of claim I wherein genistein and 
daidzein isof lavonoids are coadministered. 

6. The method of claim 5 wherein said. isof Iavonoid 
comprises from about 10 to 30 mg genistein and from about 5 
to 10 rag daidzein. 

7. The method of claim 1 wherein said isof Iavonoid 
is administered in the form of a dietary product. 

8. The method of claim 7 wherein said dietary 
product .-onrains at least 30 rag/serving of said 

i so l ! ,i v j : . : . 



9. The method of claim 7 wherein said dietary 
product is a confectionery bar containing said isof lavonoid, 

10. The method of claim 7 wherein said dietary 
product is a cereal containing said isof lavonoid . 

tl. The method of claim 7 wherein said dietary 
product is a biscuit containing said iscf lavonoid. 

12 The method of claim 7 wherein said dietary 
product is a beverage containing said isof lavonoid. 

13. The method of claim 7 wherein said dietary 
product is consumed by said woman at least once per day. 

14. A dietary product for preventing o- *r»*<it:*^ 
symptoms of menopause, premenstrual syndrome, or conditions 
resulting from reduced or altered levels or or.uc»:«nous 
estrogen, comprising at least one isof lavonoid provided in a 
non-soy-based palatable food cacrier. 

15. The dietary product of claim U comprising 
genistein and daidzein isof lavonoids. 

16. The dietary product of claim 14 wherein the 
food carrier is a confectionery bar. 

17. The dietary product of claim 14 wherein the 
food carrier is a cereal. 

L6. ""no dietary product of claim l< wherein the 
tcod carrier is a biscuit. 



19. The dietary product of claim 14 wherein the 
food carrier is a beverage. 

20. The dietary product of claim 14 wherein the 
food carrier contains an amount of the isoflavonoid which is 
effective in reducing the symptoms. 

21. The dietary product of claim 20 comprising at 
least about 30 tag isof lavonoids per serving. 

22. The dietary product of claim 15 wherein said 
dietary product comprises from about 10 to 30 mg/ serving 
genistein and from about S to 10 mg/ serving daidzein. 



METHOD FOR TREATMENT OF MENOPAUS AL AND PREMENSTRUAL SYMPTOMS 
Abstract of the Disclosure 



A method is provided for preventing or treating 
symptoms of menopause, premenstrual syndrome, or a condition 
resulting from reduced levels of endogenous estrogen, by 
administering to the woman an effective amount of an 
isof lavonoid. The invention also features a therapeutic 
dietary product, containing isof lavono ids, for preventing or 
treating symptoms of conditions resulting from reduced or 
altered levels of endogenous estrogen. 
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(54) CARCINOSTATtC AGENT 



(57) Abstract 

PURPOSE; To provide a carcinostatic agent containing 
57,4*-tr1hyo>wyteoflavon^ as an active component and 
having tumor cell proliferation inhibiting activity and 
DNA-syntheste Inhibiting activity. 

CONSTITUTION: The objective agent contains 
S^^'-trihydrnxyisoflavone (general name: prated) as 
an active component GonfsteJn Is a compound separated 
from a certain kind of dover f(Trifdtum subterraneum 
L) and Is known to halve week estrogen actMty. It has 
been found newty that the compound b effective to 
Inhtott tie proliferation of tumor 6e0, the synthesis 
of DNA and the activity of tyroane-specific 
phosphorylase. Coupled with the low acute toxicity, the 
compound is useful as a cardnostatic agent for the 
remedy of human and animal cancer, the remedy for 
diseases caused by the metastasis of cancer and the 
prevention of relapse of cancer. It to applied at a rats 
of usually SOOWI.OOOmg daly in 1W4 divided doses. 
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(54) PRODUCTION OF ISOFLAVON COMPOUND 



(57) Abstract: 

PURPOSE: To inexpensively obtain a large amount of 
aglycones from an extracted solution or ground sub- 
stance of soybeans, by heating soybeans or ground 
soybeans at a specific temperature in immersion, 
grinding and/or enzyme reaction process to maximize 
P-g!ucosidase activity in soybeans. 

CONSTITUTION: In producing an isoflavon compound 
having estrogen action, antioxidation action, antihe- 



molytic action, antilipemic action, cholesterol-lowering 
action and carcinostatic action from an extracted so- 
lution of soybeans or a ground material thereof, soy- 
beans or the ground material is heated to 45-55°C 
in one process of immersion process, grinding pro- 
cess and enzyme reaction process after grinding to 
maximize p-glucosidase in the soybeans to give an 
isoflavon compound containing a large amount of agly- 
cones such as daizein or genistein which is a main 
substance of medicinal effects such as carcinostatic 
action among isoflavon compounds and has extremely 
high utility. 
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PROSTATAE R KRAN KUNG EN 



Untcr Prostatahypertrophie vcrsieht man cine gutartigc Wuchcrung der Vorsteher- 
drtise,diedurch Raumvcrdrangungzur Harnsperre fuhrt. Die Bezeichnung Prosiatahy- 
pertrophie ist insorern irrefiihrend, als nichl einfach die gesamte Vorsteherdriise sich 
vergroOert. Vielmehr wuchern bestimmte Driisen im Bereich der hinteren Harnrohre. 
die sich dadurch auszeichnen, daO sie nicht nur vom mannlichen, son der n auch 
vom weiblichen Geschlechtshormon des Mannes kontrolliert werden ( Prostataade- 
nom). Im Alter fiihren wahrscheinlich Ungleichgewichte im Hormonhaushalt zur 
Wuchcrung dieses doppelt hormonabhangigen Vorslehcrdriisenantcils, doch ist die 
genaue Ursache der Prostatawucherung noch keineswegs bekannt. 

Die gutartige Wucherung der Vorsteherdriise tritt bei 80 %-aller 60jahrigen Manner 
auf und bleibt in der Halfte der Falle beschwerdefrei. Bei rund 40 % alter 60jahrigen 
entstehen friiher oder spater und mehr oder weniger deutlich die Anzeichen einer 
Harnsperre. Dann ist die Driisen wucherung so stark, daG die Blasenmuskulatur das 
Hindernis urn die Harnrbhre trotz Wandverdickung nicht mehr uberwinden kann. 
Es entstehen Entleerungsstorungen der Harnblase, die unbehandell schlieBlich zur 
Harnstauungsniereoder gar zum Tod durch Harnverhaltung fiihren konnen. In einem 
ersten oder Reizstadium besteht nur haufiger Harndrang; der Harnstrahl ist schwach 
und diinn; oft und auch nachts wird immer wieder cine kleine Harnmenge abgesetzt, 
doch ist die Blase zu diesem Zeitpunkt noch so gut wie vollstiindig entleerbar. Im 
zweilen Stadium erfolgt die Blasenentleerung nicht mehr vollstiindig, vielmehr bleibt 
jclzt jeweils eine Rcstharnmenge von mehr als 100 cm 3 zuriick; dadurch erfahrt 
der haufige, qualende Harndrang nun keine voile Erleichterung mehr, und der Ruckstau 
fuhrt haufig zur eilrigen Blasenemziindung. Im dritlen Stadium wird die Harnrohre 
so we it eingeengt, daO die Blasenmuskulatur das Hindernis nicht mehr uberwinden 
kann; daher lauft der Harn bei gesteigertem Blaseninnendruck stand ig langsam und 
tropfenweise tiber; es kommt zur Harnstauungsniere und schlieBlich zum Nierenversa- 
gen (Abb. IX 

Die Prostatahypertrophie kann durch rektale Abtastung der Vorsteherdriise rechl 
friihzeitig erkannt werden, vor allem, wenn das Adenom sich unterhalb der Harnblase 
entwickelt hat (Abb. 2). Wachst die Wucherung in den Blasengrund ein, ist u.U. 
eine Harnblasenspiegelung erforderlich (Abb. 3). Wenn eine gutartige Wucherung 
der Vorsteherdriise sicher diagnostiziert ist, besteht die Want zwischen einer Honnon- 
behandlung und der Entfernung der hyper trophierten Vorsteherdriise. Die Hormon- 
behandlung geht von der Annahme gestdrter Gleichgewichte aus und besteht in derZu- 
fuhr abgewandelter mannlicher, evtl. auch weiblichcr Geschlechtshormone. Dauerhei- 
lung verspricht indessen nur die Operation; es kommt eine Ausschalung oder Elektro- 
verschorfungder Vorsteherdriise in Frage. Allzuspate Operationen sind durch Blasenr 
infekte oder gar Riickstauerkrankungen der Niere bclastet. Ein Operationsweg fuhrt 
dicht uber dem Schambein, ein anderer vom Da mm her zur Vorsteherdriise (Abb. 
5). Inoperable Falle konnen durch einen Dauerkalheter oder fortlaufende Selbstkathete- 
risierung behandelt werden. 

Der Vorsteherdriisenkrebs (Prostatakaninom) ist bei Mannern der hSufigste Organ- 
krebs, Er fuhrt ortlich zu ganz ahnlichen Erscheinungcn wie die Prostatahypertrophie, 
siedcll jedoch fruhzeitig Tochtergeschwiilste ins Knochensystem ab. Auch hier kann^^ 
die Friihdiagnose durch rektale Austastung recht zuverlassig gestellt werden. Daher J| 
solliejeder Mann Uber 45 Jahre einmal jahrlich rektal untersucht werden. Der Prostata^ 
krebs ist bei der Austastung als eine hockerige, harte Geschwulst zu rdhlen. Zu^ 
Abgrenzunggegen die gutartige Prostatahypertrophie ist ofi eine feingewebliche VnU 
suchung durch „Stanzbiopsie** noiig. Kennzeichnend sind ferner veranderte Blutseruj 
phosphatasewerte. Zur Behandlung des Prostatakarzinoms stehen je nach Krankhe,^ 
stadium und Alter die Entfernung der Vorsteherdriise, die Strahlenbehandlung, J»| 
Therapie mil gegengeschlecht lichen Hormonen und die Hodenexstirpation zur Vc g 
gung <„hormonelle Kastration"). 
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INTRODUCTION 




historically, phytoestrogens were first investigated 
when it was noted thai ewes that grazed Australian 
clover pastures for prolonged periods of time be- 
came sterile, ft was found thai the active agents in 
the clover (hat precipitated sterility were estrogenic 
(I). Later a similar phenomenon was observed to 
«":cur Id the California quail during dry years, when 
Proestrogen concentrations in available forage 
were increased (Z). 

Phytoestrogens arc defined a$ pUni substances 
(hat are structurally and functionally similar to the 
gonadal steroid I70*enradiol (E*) or thai produce 
estrogenic effects (3). There are three main groups 
of nonsteroidal dietary estrogens. Phytoestrogens 
delude the tsoftavones (i,e„ gemstein, genistin, 
d*idzetn, biocbanin A. foimononctin. and praten- 
sein) and the coumesums (i.e.. coumestrol and V- 
o-methytcoumcstrol). Mycoestrogena of the resor- 
eylic acid lactone group (i.e., zearalenone and 
tcaralenoj) are also commonly found (4). The struc- 
tural similarity between these substances, endoge- 
nous mammalian estrogens lE t and estrone), and 
; item synthetic estrogens (diethylsiiiDesiroD have 
been studied (Figure I). Isoflavonei, the monocar- 
boxylic derivatives or the 15-C ttavoncs. and 
coumesians contain central structures of U car- 
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Central Mc- 



bons. Both of thcsK&ii^gJcfc derivatives of 
J-pHeny|chroman (Figure I) and thus may be con- 
sidered o single family of compounds (5). The fcngal 
resorcylic acid lactones and endogenous estrogens 
possess cemrai structures of 17 carbons. 

The similarity among these compounds has led 
investigators to study the possibility that phytoes- 
trogens might act on physiological processes and 
behavioral patterns to slier reproductive perform- 
ance (3). If reproductive effects occur, then these 
compounds might have a role in the evolutionary 
success of herbivores, perhaps matting the differ- 
ence between survival and extinction for some spe- 
cies. It is possible that phytoestrogens, through 
mimicry of endogenous animal estrogens, function 
as defensive substances by which plants diminish 
the fertility of herbivores which feed on the plants 
(6). In effect, the phytoestrogens may be seen as 
one of the many variables determining animal fit- 
ness fur survival. This argument is supported by 
noting thai animal species differ in their sensitivity 
to phytoestrogens (7). Some species are relatively 
resistant to the estrogenic effects of these com- 
pounds, white others may suffer sterility as a result 
of prolonged ingestion of phytoestrogens. We have 
hypothesized that phytoestrogensnduced physio- 
logic and behavioral effects in mammals are signifi- 
cant factors in the reproductive and therefore evo- 
lutionary success of the consuming species. Wc 
have initiated our analysis of this broad hypothesis 
by reviewing the available data relevant to the re- 
productive and general metabolic effects or phyto- 
estrogens In mammals- 
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PHYTOESTROGEN EXPOSURE 

Sources vf phytoestrogens 

Phytoestrogens arc produced by numerous 
Leguminosae and grasses, including many plants 
commonly consumed by mart and livestock (Table 
t J. The estrogenic components are found in differ- 
ing amounts in aR pans of the plant, including the 
seeds, the flowers, the leaves, the roots, and the 
fruits. Concentrations in each (issue depend on 
ptanl type (4,8). 

Of particular interest regarding possible human 
exposure is the presence of phytoestrogens in 
marijuana and coffee- It had long been suspected 
that ttie estrogenic effects of marijuana were due to 
AMetrahydrocannabinol (THC), the major psycho- 
active compound. Smoking of marijuana signifi- 
cantly suppresses luteinizing hormone (LH) levels 
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during the human menstrual cycle and shortens 
both the menstrual cycle and the luteal phase (9). 
Since these results agree with observations in 
ovarieciornued rhesus monkeys injected intra 
muscularly ti m ) wfth THC, it was assumed thai 
(be menstrual cycle effects of smoke inhalation 
would be exclusively due to the THC content of the 
smoke (10). However, crude marijuana extract and 
condensed marijuana smoKc compete with estradiol 
for estrogen receptors in the uterus of rats, while in a 
vitro studies detected no binding of cannapinoids t** * 
estrogen receptors (I I J. These findings show tor 
marijuana contains estrogenic substances that may 
be affecting reproductive processes via cannabinoid- 
indepcndcut mechanisms. Furthermore, apigenfo, a 
derivative of flavonoid phytoestrogens found in 
crude marijuana, is a moderately potent inhibitor of 
estradiol binding to uterine estrogen receptor* (II). 
Differentiation .between the suppressive effect » :* 
THC on LH and the estrogenic effects of manjuan-i 
prr se remains unclear. 

Another plant product which is commonly in- 
gested for pleasure rather than nutrition ts coffee. 
Like marijuana, coffee contains weakly estrogenic 
constituents* evidenced by the estrogenic effects of 
increased uterine-to-body weight ratio and tot.il 
uterine protein content following administration f 
coffee extracts by gavige (12). Ultraviolet absorO- 
ance spectroscopy suggests that whatever this 
active compound may be. ii does not belong to one 
of the three major classes of dietary estrogens (e.g., 
flavonoids, eoumestans. or resorcylic acid lac- 
tones). Thus, coffee may contain an csuogenr pre- 
cursor that requires metabolic actuation or a smc- 
turally unrelated estrogenic compound. 

Mctubvfijih. iliitributhm. unU ?U,ifant'r 

The relative potency or a pnytoestrogen de- 
pends upon the target tissue, functional state of the 
target tissue, the animal species involved, and the 
route and pattern of delivery. In addition, the famr 
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l t c> of estrogenic compounds Ural occur m plants 
rJ o be modified by metabolism within the herbivore 
or even by guj flora prior lo uptake. Dietary iso- 
flavonc phytoestrogens undergo bacterial modifica- 
ttuft in (he gastrointestinal tracts of animals to yield 
cquof, a weak, nonsteroidal phytoestrogen (8.13.K). 
F^tawing ingestion of estrogenic plants, a tempo- 
re. 50- to I OOO-fofd increase in urinary equol takes 
plittf. while insignificant traces of (he initially con- 
sumed phytoestrogens appear in the urine. Note- 
worthy is thai the major urinary product following 
(ho consumption of genistcin and brochanin A is 
p-ethyl phenol, and formononetin consumption 
yields both daidiein and equol as the major urinary 
pr lucis (4). Furthermore, gut microflora (I4j con- 
vci ; daidzcto to equol which in turn is absorbed and 
enters the emerahepattc circulation. Notably, it ap- 
pears (hat not all people have the ability to convert 
other isoflavones to equol. This may be due to the 
absence of bacteria capable of the convention of 
precursors to equol (as is the case in the sterile gut of 
newborns), the composition (subpopulalions) of in- 
ic :nal microflora present, the intestinal transit u'me. 
pH. or redox potential. These factor? may be influ- 
enced by diet, host immunity, medication use. etc. 

Receptor activity ourf uifentctiott «'iVA endoxrtiuus 
estrogens 

Phytoestrogens exhibit binding to endogenous 
es -ogen receptors. Binding or phytoestrogens to 
es -TJgen receptors is supported by the finding that 
the larger the dose of phytoestrogen given an or- 
ganism, the greater the displacement of bound 
iriiiatied (>H) B% (15). It has also been reported that 
a* very high dosages, alt phytoestrogen* exhibit 
more than BC8£> competitive binding to renal tumor 
cyjosolic esjrogen receptors (16). The structural 
re uisltcs for estrogen receptor binding are met by 
phytoestrogens. For example, equol possesses a po- 
tency on the order of 10"* the estrogenic activity of 
Ei and contains a phenyl substitucnt also present in 
&i and in DES {Figure 1]. The substituent consid- 
ered lo be a requirement for estrogenic activity is a 
hydroxy! group in the same position as the hydroxy I 
gnup in the benzene ring of £, (14). Another struc- 
lu.-il similarity which facilitates estrogen receptor 
binding activity or equol and other phytoestrogens 
is that the distance between C-3 and C-17 in E, is 
about equal to that between the two hydroxyls in 
equol. 

Considering the large quantities of phytoestro- 
gens ingested by many mammals including man. 
ft xtionally significant estrogen receptor occu- 
pancy by phytoestrogens occurs. Since no phytoes- 



trogen bas receptor affinity equal to thai or B t an 
the degree uf PNA stimulation due to phyuwxin 
gens appears to be substantially less thao that evoke 
by £, (8). phytoestrogen actions could be either e: 
irogenic or ami-eslrogemc. In b relatively hypoe: 
irogenic individual, receptor occupancy by wen 
(exogcnousl estrogens would likely produce e* 
irogenic effects, while in a normally cstrogenize 
individual. Urge amounts of weak estrogens migr 
diminish the effective estrogenic activity b 
competition with tU- 

REPftOPUCTlVE EFFECTS IN MaMMaLS 

Phytoestrogens have been shown to influence vir 
tually every aspect of the mammalian reproduced, 
process via effects on the morphology and physio) 
Ogy of reproductive organs and alteration of sexuA 



behavior. The changes 
vcrsibte, depending on 
posure to the phytoesti 
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Crrfix 

A pubertal pattern^ cell diuTer^iation ha* 
been noted in ewes renm^tanejjlgpy chronic in- 
gestion of phytoeyroee«*Ttfi?Among lftCJe 
changes, the cervix assumes a uterine pattern. 
Folds present in the cervix fuse, resulting tn loss of 
cervical crypts, and the cells of the lamina propria 
become like those of the uterine stroma. Further- 
more, glands having histochcmical reactions rem- 
iniscent of uterine glands become plentiful in the 
cervix. Such an increase in abnormal glands may be 
responsible for the different composition which the 
cervical mucus takes in sheep with "clover dis- 
ease." At low phytoestrogen dosage, the cervical 
mucus has a lower viscosity, not due to a higher 
water content; but rather doe to a decreased con- 
centration of glycoprotein — the component of 
mucus that affords its consistency. The level of 
glycoprotein seems to respond to the duration of 
exposure to the phytoestrogen rather to the dosage 
or the agent. This change in the cervical mucus 
compounds the anatomical compromise of the cer- 
vix such that the cervical reservoir Tor sperm in the 
ewe s is greatly reduced. Since sperm recovered 
from the cervices of clover-affected ewes exhibit 
decreased motility (17). it appears inai the phytoes- 
trogen effect makes the mucus relatively "hostile" 
in (he classic sense of cervical factor infertility. 
Such spefmato«cay is not understood In general 
nor in this specific case. 

At higher phytoestrogen dosage, both higher 
volume and waicr content of cervical mucus are 
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observed in ewes (17.18), thus indicating that boih 
cervical glycoprotein produciioa and water excre- 
tion in the mucus are affected. 

The cervical effects or phytoestrogens likely 
depend upon estrogen receptor mediation. In e*e$. 
phytoestrogen treatment increases the rate of 
protein and glycoprotein synthesis and the number 
oT estrogen binding sites in the cervix, but binding 
affinity remain* unchanged (19). This finding im- 
plies that exogenous estrogen not only occupies the 
available binding sites, but stimulates the local pro* 
duction of more sites. Such receptor t% up-regula- 
wn" may maXc ihc tissue more sensitive (oestrogen 
action, and, iT estrogen exposure continues, the cervi- 
' cal aJicrauons would become more exaggerated. 

Uterus 

Pronounced uterine effects or phytoestrogens 
are also observed. The most notable uterine change 
that occurs is a marked Increase in its weight rela- 
tive to body weight, which constitutes the classic 
btoassay for estrogen action, A dose-dependent 
uterine weight increase is precipitated by acute ad- 
ministration of an extract or the Indian herb ArAv/w 
Me; Q$pfra in rats and hamsters ai contraceptive 
dosage (75 mgflcg) and with as little as 1/20 this 
dosage (20). Similar results have been observed 
in mice, rats, and hamsters with only 1/40 con- 
traceptive uose of ferujol extract (21). Siob («) 
suggests that this hypertrophy of the uterus is the 
result or "typical estrogenic mechanisms." imply- 
ing estrogen-receptor mediation. However, a more 
complex response to dally s.c injection or female 
lambs with the phytoestrogen ^-sitosterol has been 
reported, in which uterine weight increases for the 
first two weeks of treatment but markedly de- 
creases over the next six-week period (22). Plausi- 
ble explanations for such bjphastc results include 
receptor "down regulation" and induction of 
metabolic enzymes with enhanced clearance of 
^-sitosterol. Similar results were obtained using 
ovariectomiied ewes as the model (23). 

Another manifestation of the uterotropic effect 
of phytoestrogens is seen in ewes suffering from 
infertility due to prolonged exposure to tnese 
agents. A marked increase in activity of some 
uterine enzymes and uterine DNA. protein, and 
glycoprotein synthesis occurs in such sheep (19). 
This observation indicates that at feast a portion of 
the uterine weight gain is true hypertrophy rather 
than simply edema. At the same time, lower levels 
of lipid* within the uteri of sheep Ted phytoestrogen 
suggest inhibition of synthesis or increased utilita- 
lion of lipids within this organ (22). Thus ph/toes* 
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trugens may be affecting different enzymes in dif- 
ferent fashions, stimulating the activity or somi 
while blocking the action of others. It is noteworth* 
that the uterine RN A- to- ON A ratio decrease that 
occurs following ovariectomy is smaller in clover* 
affected than in normal ewes. This response is ac- 
companied by less regression or the uterus in clover 
afT«ied ewes than in controls. These findings indi* 
cate that phytoestrogen^ action may be mediated 
via diflerentiattons similar to those Induced by ho> • 
mortal steroids during feial development (24). 

Gross structural lesions of the uterus may also 
result from phytoestrogen exposure and could ac- 
count for some instances of permanent sterility. 
Lesser lesions entail the proliferation of cysuc 
endometrium, myometrial fibrosis, and endometrial 
fibrosis (13). These lesions could certainly con-. 
promise normal implantation of the conceptus. 1>z 
most severe structural failure, complete uterine 
prolapse, is known to occurinsome species following 
ingestion or some dietary estrogens (mycoestrogens) 
and obviously disrupts the reproductive process. 

Ii is not clear whether phytoestrogens play any 
role in pregnancy wastage, but some plant prepara- 
tions have been used as aborwTacients. Achyramh s 
Qsptfa, a common Indian herb claimed to possess 
abonifacient activity, did Induce abortion in mice 
and rabbits, but faded to show similar effects in rats 
(20). tt is uncertain whether a phytoestrogen is the 
active agent of Achymnihct that brings about abor- 
tion, but support for that possibility derives from 
the finding that miroestrol. a phytoestrogen from a 
legume tree root, is used by Burmese and Tut 
women in plant extract form to induce abortion (22). 
The mechanism for such an abortifactent action of 
these compounds is unstudied and any effects of 
phytoestrogens on uterine contractility per se have 
not been determined in either the gravid or non- 
gravid state. 

Phytoestrogen effects on uterine function r ay 
relate to alterations inactivity of several cniyn 
Under normal circumstances, oxidative enzymes in 
the uterus show slight reactions in the endometrium 
and uterine elands, but after administration of 
/3-sitosiers!. these weak reactions are curtailed ',22). 
Such an inhibition of oxidative enzymatic activity in 
the uterine endometrium and glands may reduce 
local energy production due to an inability to re- 
plenish NAD* and NADP*. This circumsuii« 
would diminish me ability of the uterus to contract 
and might decrease secretory capabilities of the 
uterine glands. 

Alkbtinc phosphatase in the uterine tissue ol 
ewes also responds to ^-sitosterol in a triphasic p»** 
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tem. Alkaline phosphatase activity increases over 
the lira two week* of daily 0-sitosterol injections 
and decreases over (lie second two weeks of injec- 
tions (22). This disturbance in alkaline phosphatase 
activity may alter cell permeability ana transport of 
nutrients by uterine cell*. 

Acid phosphatase activity in the uterus de- 
creases with increasing dose and time of daily 
jj-sitosterol treatments over an eight-week span 
(22). Such an inhibition would decrease free phos- 
phorous, and may relate to the more general obser- 
vation of decreased plasma phosphorus levels in 
exposed animals. 

Uterine chotincsterase activity also decreases 
:bllowing ^sitosterol treatment, as evidenced by its 
Jiminished activity towards acciylihtocholine (22). 
This inhibition of activity is accompanied by a 
downward shift in sodium ion transport and de- 
creased sodium in the uterine luminal fluid. It is not 
clear whether effects on sodium transport and 
cholfnesterase activity are coincidental or truly 
associated processes in this instance. 

Ovartt* 

While many anatomical effects of phytoestro- 
gens have been described, physiologic changes in 
the reproductive tract are more subtle, but perhaps 
more consequential. Ovarian cycliciiy may be dis- 
rupted by phytoestrogen exposure in mammals and 
birds (2.14.25,26). but interruption of ovulation due 
to short-term phytoestrogen ingestion is reversible 
(26). It is plausible that toman vegetarians may 
have ovulatory dysfunction but suffer no other 
obvious physiologic abnormalities due to their 
diets (14). Abnormalities of ovulation may be due 
to direct ovarian actions since administration of 
0-siiosterot to ewes inhibited follicular development 
and altered (he size distribution of follicles (22), 
Follicles were observed to show degeneration with 
intrafollicutar hemorrhage and the development of 
shrivelled oocytes with lipid inclusions. The sug- 
gestion of a direct ovarian action of phytoestrogens 
in perturbing follicular maturation may be sup- 
ported to some extent by a study which showed that 
in rats intraperitoneal administration of an extract 
from a plant species known to contain high concen- 
trations of phytoestrogens inhibited follicular mat- 
uration (26). Obviously, these studies cannot distin- 
guish between direct ovarian and indirect effects on 
follicular growth- 
More direct evidence that the fofficje may be a 
site of phytoestrogen activity derives from in vitro 
cultures of bovine granulosa ceils. In this system, 
lower dosages of genistein and blochanin A in- 



crcuttii progesterone synthesis white higher dos 
ages inhibited progesterone synthesis (27). Since 
progesterone is essential in the establishment ant 
maintenance of pregnancy, such an inhibition oi 
progesterone production would be a plausible ex- 
planation for both failure of conception and eart> 
pregnancy wastage. 

The possibility that phytoestrogens might be 
toxic to oocytes or early embryos was suggested in 
a single Study (7). Mice fed coumestrol and then 
mated produced degenerate embryos exhibtttng un- 
evenly distributed cytoplasm and lack of symmetry 
in size among blastomercs. suggesting alterations in 
cleavage rates. Extensive vacuolization found in the 
ova also suggests mat (allure of fertilization of these 
ova may account for part of the observed decrease 
in litter size in mice fed coumestrol. 

The activities or two ovarian enzymes appear 
to be influenced by phytoestrogens. First, low 
doses of phytoestrogen inhibit 17.20-lyasc In bovine 
granulosa cells (27). This effect could profoundly 
alter the pattern and capacity of the steroidogenic 
pathways within the follicle or corpus luteum. The 
precise mechanism by which this effect occurs is 
unproven. Second, alkaline phosphatase in the 
ovaries is affected by phytoestrogen exposure (22). 
While the overall alkaline phosphatase activity is 
about equal in the ovaries of ^-sftosierol-uxated 
and control ewes, the control ewes show an intense 
reaction in the zona pelluctda with a weak reaction 
in the interstitial tissue.. Treated ewes exh&ti an 
opposite response- Thus, a reversal of activities is 
seen where phytoestrogen is acting both co Stimu- 
late end to inhibit the seme enzyme in two different 
sites within (he ovary. While a mechanism for this 
action is not known, such changes in the activities 
of ovarian enzymes might compromise ovulation 
and increase the incidence of follicular degeneration 
in animals treated with phytoestrogens. 

CNStpiiuitary 

Some phytoestrogen effects on ovarian func- 
tion appear to result from indirect action on the se- 
cretion of gonadotropic hormones (7). In this con- 
text, there are four possible mechanisms of 
phytoestrogen action: II they are E f agonists. 2) 
they are t>i antagonists, 3) they act as both E, 
agonists and antagonists, and 4) they act in a nones- 
trogenic capacity. Available information best sup- 
ports the ihird of these possibilities (mixed 
agonist-anrsgonis t effects). The site of phriocsvo- 
gen action could be the CHS (especially hypothala- 
mus), the pituitary, or the B»>m>U (see previous sec- 
tion). 
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The effect of intraperitoneal injection of 
phytoesirogen-rich Qicffriibarhiu unu*c*w extract 
in mu on LH. fol!icIe-«imu!ating hormone (FSH). 
prolactin (PEL), progesterone, and E, have been 
studied (26). In treated raw, levels or UK, FSH. and 
progesterone increased for doses of 3.5, 5.0. and 
10.0 mg/kg of extract, while the levels of PRC and 
6t decreased at the same dosages. Progesterone 
levels showed a biphasfc response, increasing at 
low doses of (he extract (26), but decreasing at 
higher doses (27). Since no obvious single mech- 
anism would explain all of these pituitary and ovar- 
ian hormonal changes, the extract may contain 
more than one endocrinologtcally active substance, 
or more than one site or mechanism of action might 
be involved. 

There arc data to suggest that phytoestrogens 
act both at CN5 and pituitary levels 10 alter 
gonadotropin secretion. In both ovariectomized 
ewes (23) and intact clover-affected ewes (17), the 
best explanation for the impairment of gonadotropin 
secretion was a hypothaJamic/CNS action. In par- 
ticular, in clover-affected ewes, an LH surge could 
not be elicited by exogenous E, administration 
(consistent with loss of positive feedback), but the 
LH secretory response to exogenous gonadotropin- 
releasing hormone was normal (17), suggesting no 
pituitary effect. Our own data (28) show that acute 
phytoestrogen administration can alter GnRH-in- 
duced LH secretion in ovaricctamucd rats and thus 
suggest that the pituitary may be a site of phytoes- 
trogen action in other situations. 

Interactions between reproductive effects of 
phytoestrogen exposure and phoiopcriod in sea-, 
sonal breeders have been investigated- fn normal 
intact ewes, the frequency of LH pulses and plasma 
LH concentration are higher during breeding season 
than during anesims season. In clover-diseased 
ewes, the frequency of LH pulses and LH concen- 
tration during breeding season arc nearly the same 
as m normal ewes. In contrast during anestrus sea- 
son, these LH pulse parameters remain at the high 
level of breeding season in dover-afrccted ewes, 
rather than decreasing as in normal ewes it 8). 
These results suggest that a dissociation of normal 
photoperiod controls from the LH pulse generator 
may result from prolonged phytoestrogen exposure. 

In ovancdomited ewes given estradiol im- 
plsnUi LH pulse frequency and amplitude vary sea- 
sonally, rather like the pattern seen in intact ewes. 
This seasonal variation in LH pulse frequency in 
ovariectomized ewes could depend upon extra- 
ovarian steroids from the adrenal glands, other in- 
trinsic phoioperiod-dependent CNS functional 
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changes, or dietary estrogens. Results from one 
study suggest that dietary coumestrol decreases ih- 
amplitudc of LH pulses but fails id affect lite fre- 
quency of LH pulses or FSH concentrations during 
the breeding season (23). During anestrus, cotimes- 
irol does not alter any of these variables. Thus, 
coumestrol could only be partially responsible for 
the seasonal decrease in LH pulse frequency in 
ewes. 

ScJuaj behavior 

Changes in sexual behavior due to phytoestro- 
gen exposure parallel the known physiologic ef- 
fects. Clover-diseased ewes are slower than normal 
ewes m exhibit estrus behavior in response to either 
a single or several daily doses of E* (17.29,30). Ac- 
companying the delayed estrus is a retarding of r s 
first njourit of the ewes by the ram. although inc 
number of days on which the ewes allowed the ram 
lo mopni them does not significantly differ from 
controls. A delay of estrus in mice fed coumestrol 
also occurs (7), implying an antiestrogenic effect. 

Apparent defeminization of the sexual behavior 
response following consumption of phytoestrogens 
is displayed by clover-affected ewes. These e« s 
show aggressive behavior, such as challenging and 
head hunting of rams and other ewes, sooner ihan 
control ewes following administration of testos- 
terone (1 7). At the same time the ewes are slower in 
showing female behavior, such as standing to be 
mounted by a ram. Furthermore, clover-affect cd 
ewes exhibited less soliciting bthavror than r. <• 
mats, however, the number of ewes that stood tc x 
mounted decreased equally over the five-week 
period during which daily testosterone injections 
were given (30). Relative to controls, clover- 
diseased ewes exhibit a significantly greater degree 
of courting behavior 28 but not 21 days following 
treatment with testosterone. Other courting behav- 
iors thai are less hormonally dependent, suci as 
ana! and genital sniffing by the ewes, are not altc*d 
(17,10), While mechanisms for these behavioral ef- 
fects are not known, we do know thai females and 
males have similar numbers of estrogen binding 
sues in ihe hypothalamus, but estrogen-receptor 
complexes appear io have shorter nuclear acceptor 
occupancy in males than in females (31). Behavi»*rol 
changes in closer-affected ewes could result fa •« a 
change as simple as a decrease in nuclear acceptor 
occupancy by estrogen-receptor complexes. 

E» causes a do se*dc pendent increase in the ,n " 
cidence and duration of hormonCrdependent behav- 
iors in ewes (T»hle 2U whereas E» has no effect on 
hormo icindependem behaviors (30). The w 
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induced behaviors occur less in phytoestrogen- 
affected ewes than in normal, while B% independ- 
ent ^thaviofS occur with equal frequency in con- 
irk and dovcr-dueased ewts. Since general bc- 
ha*wr appears normal but female sex-specific be- 
havior is compromised in phytoestrogen-! rcaicU 
ewes, reproductive success could be compromised 
on a behavioral basis. The relationship of phyto- 
estrogen-Induced anatomic changes in tite external 
genitalia and sexual behavior is noi defined, but coi- 
tal omechanics could be altered as a result of such 
enw organ effect*. While vulvar ami vaginal hyper- 
trophy has been noted in various animals, mas- 
culiniwtion has been observed in ewes (17) with 
ctuoromcgaly and fusion of the ventral commissure. 
Upon removal from estrogenic pasture, these 
change* do not reverse and could, therefore, per- 
manently alter sexual function. 

Fhytoestrogente effects in mates appear to be 
consistent with expectations for exogenous admin- 
titration of bioattive estrogen. Cotimestrol in- 
creases teat length in wethers (23) and stimulates 
mammary hypertrophy in intact males. Rams 
gtazed on estrogenic clover have reduced sperm 
counts (H). but ii is not clear whether fertility is 
a^ectcd. 

GENERAL METABOUC EFFECTS IN 
MAMMALS 

Pme(n synthesis 

Some data suggest that phytoestrogens affect 
levels of plasma proteins. The effects of ^-sitosterol 
cn plasma concentrations of albumin, alpha- 
» Jbulin, pew-globulin, gamma-globulin, and fib- 
rinogen have been studied (32). Normal functions of 
these proteins arc indicated in Table 3 (33). Even 
though total plasma protein concentration m mice is 
unaffected by s.c administration of £*sitos;ero|, 
daily 25 to 100 jtg injections of the agent increase 
four of the plasma proteins, but significantly de- 
fease the gamma-globulin complex. The mech- 
anisms of action of phytoestrogens in this system 
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are not established. It Is likely that the pbyiocstro- 
gens stimulate hepatic protein synthesis but inhibit 
production of gammaglobulins by lymphoid lis- 
sues. It. is possible that the increased alpha -globulin 
concentration is a compensatory occurrence to 
erythrocyte count reduction that occurs following 
administration of ^-sitosterol, thereby maintaining 
normal blood viscosity in the absence of normal 
erythrocyte concentration. The increase in the beia- 
globulin-fibrinogen complex appears to be correlated 
with its affinity tor binding phosphorus. This affinity 
increases in response to ^-sitosterol (32). 

Eniymc activity of the liw 

Phytoestrogens influence enzymes in nonre- 
productive as well as reproductive tissues, a relation 
between diet and synthesis of three enzymes in the 
liver of cheetahs has been shown- The affected 
enzymes, alanine aminotransferase, aspartate ami- 
notransferase, and gamma-gluuynytuanjferase, de- 
crease in amount when cheetahs are taken off a diet 
high in soya bean content (thus high in phytoestro- 
gen content) and given a chiefcen diet (13). 

inorganic ptosmo cttnitintcttu 

Phytoestrogens induce mineral changes in the 
blood. Subcutaneous injections of 25. 50, 75. or (00 
ftg of ^-sitosterol increase calcium levels in mice, 
while doses of 5 or 10 jig of the phytoestrogen ha ye 
no effect on calcium levels (34). Since Ei inhibits 
bone mobilization, ^-sitosterol may act by causing a 
decrease in fc% levels via inhibition of gonadotropin 
secretion from the pituiury. Decreased ovarian £» 
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production might then result in increased bone 
mobilization and increased scrum calcium. Surpris- 
ingly, blood plasma phosphorus levels decrease fol- 
lowing administration «f 5 10 75 /ig doses of 
^-sitosterol in mice, but show linlc change in re- 
sponse to « 100 *g dust Decreases in phos- 
phorus could be due 10 an enhanced rate of storage 
in an cxtravascular compartment, increased utiliza- 
tion of phosphorus by tissues, or increased renal 
clearance. 

While ^-sitosterol doses of less than 5 MB fail id 
change pU*ma magnesium level*, higher doses de- 
crease plasma magnesium and increase both hepatic 
and intramuscular magnesium (34). Since mag- 
nesium is a smooth muscle relaxant, changes in 
uterine or tuba) smooth muscle motility could result 
indirectly from this phytoestrogen action. 

PHYTOESTROGENS IN HUMAN DISEASE 
Deleterious roles 

Phytoestrogens have been suggested 10 play 
both deleterious and beneficial roles with regard to 
Alness. In the diets or cheetahs, phytoestrogens 
cause vascular hepatic lesions, m which the cen- 
trilobular and sublobular hepatic veins are partially 
or totally occluded 113). The possibility of human 
hepatic dysfunction must therefore at least be con- 
sidered. 

Vascular disease may be correlated with the 
consumption of dietary phytoestrogens (33). Coro- 
nary heart disease has been suggested to be associ- 
ated with phytoestrogens consumed indirectly 
through the milk of cows; that is, the lactating cow 
consumes the phytoestrogens while grazing and. in 
turn, phytoestrogens in cow's milk are consumed 
by humans. One basis for this proposal is mat 
phytoestrogens have more structural similarity to 
DES, a pottm synthetic estrogen found to have 
atherogenic properties, than to endogenous estro- 
gens such as E». The higher rate of coronary heart 
disease in human males might be explicable in pan 
if human females are found to be better aDIe 10 
metabolize and excrete phytoestrogens. 

Dietary estrogens could be a factor in cancer 
initiation in hormone responsive tissues, but no 
such instances have been demonstrated. Certainly 
phytoestrogens bind to both rat and human mam- 
mary tumor (issue and show competitive binding for 
mammary tissue E, receptors (IS) raising the 
possibility of stimulation of estrogen-dependent 
neoplasms. 

Brtttftciat rules 

Estrogens have two opposing effects on 



cancer, depending on dosage. Large doses inhibit 
breast cancer tumor development and 
growth of tumors already present, but small dosel 
seem to promote _ tumor development and stimulate 
urewih (361. This duality extends to phyic****? 
gens. Phytoestrogens may stimulate or inhibit 
tumor growth («,|4). One mechanism by which 
phytoestrogens may manifest their antitumor cf 
fccw is blockade of estrogen receptors and unc .u- 
phng of receptor-mediated response. Thus the anil- 
«y of endogenous estrogens to support tumor 
growth would be reduced. Indirect demographic 
support for a phytocsirogen-mcdiated reduction in 
cancers of hormone-responsive tissues mtghi derive 
from the observation that women in countries con- 
Miming vegetarian diets have a lower incidence of 
breast cancer than in societies where a meat -nd 
vegetable diet fs consumed (37). 

Phytoestrogens may have antiviral and fungfchl. 
al properties (37). but a mechanism is not known 
Support for the notion that this group of compounds 
could have such properties may lie in noting that the 
antifungal drug, ketaconazole, is also a potent in- 
hibitor of some steroidal enzymes. 

Plant estrogens have been implicated in the -c- 
duciion of serum cholesterol levels in humans and 
animals with hypcrchotesierolemia. Such action is 
hkely related to the role estrogens ptay in the me- 
tabolism and interaciion of lipoproteins with regu- 
lation of cholesterol (8). 

A final beneficial phytoestrogens effect is al- 
leviation of vasomotor symptoms in menopausal 
women. Historically the Chinese have used hcibal 
medicine 10 treat "hot hushes." These herbal medi- 
cations work as well as Premarin (an equine conju- 
gated estrogen) in the mitigation of these symptoms 
in women with natural menopause (38). Similarly. - 
the mycoestrogen, learalanol, has been reported to 
reduce the incidence of hoi Flushes in women »viih 
surgical menopause (4), These effects woulw be 
consistent with the expected estrogenic properties 
of these compounds. 

CONCLUSION 

Phytoestrogens influence mammalian repro- 
ductive processes and can thereby compromise tnr 
reproductive success of individual mammals -*nd 
possibly function as a selective environmental fac- 
tor for populations. While phytoestrogens have a 
few propitious effects, the majority of the effects 
arc nocuous. These compounds act through their 
similarity to endogenous estrogens and comp*< c 
with the endogenous estrogens for binding site** 
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$ht*n-(erm effect* uf phytoestrogens seem lu result 
from their mixed agonisi-antagonisi effects on 
nirusen-mcdiatcQ processes irt mammals. Since 
lonB^crm exposures can produce persistent, even 
permaneni anatomic, physiologic, or behavioral 
changes, phytoestrogens must affect (he differ* 
en; ia l ion or some reproductive tissues and irrever- 
sfl-ly alter the integration of mammalian reproduc- 
tive processes in susccpiable species. 
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PURPOSE: To provide an imrriuno-suppressor containing 
a specific Boflavone compound as an active component, 
having tow toxicity and excellent Immune- suppressing 
activity and useful for the remedy and the prevention of 
relapse of autoimmune diseases such as rheumatoid 
arthritis, systemic lupus erythematosus, etc. 

CONSTITUTION: The isoflavone compound of formula 
is OH or methoxy; R 2 is H, carboxyl or 
ethoxycarbonyl) is used as an Immur^uppressing 
agent Concrete examples of the compound are 
57.4'-tr1hyo>t)xyteoflavone. 5,7- 

dihydrxjxy^'-methnxyisoflavon^ acid, etc. 

The compound of formula has excellent 
immune-suppressing activity and is useful for the remedy 
end prevention of relapse of human autoimmune diseases 
such as chronic active hepatitis, osteoporosis, etc It 
fs administered orally or parenteraBy at a dose of 
usually 200W1 .OGOmnAJay. 
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tn newborn babies support an essential role for r>3 Cicty sods in 
retinal development.' 

The DHA concent of eiyihrocyics is small compared with that of 
grey-matter, but the fatty acid composition of the erythrocyte 
membranes may indicate the fatty aad sums of neural and perhaps 
other membranes. During the period of most rapid DHA 
accumulation in the developing m, diet-induced changes in neural 
DKA are reflected m red blood ceil DHA.* 

Dietary n-3 tatty acids can also modify endogenous prostaglandin/ 
production and perhaps by thus means influence utenne 
prostaglandins and gestation rime. In the Faroe Islands, where 
birthweights are amongst the highest in the world with long 
gestation periods and rapid fetal growth, the in take of marine fat nch 
in n-3 ferry acids is high and erythrocyte DKA values in pregnant 
women were found to be almost twice thtose in normal individuals in 
other countries. 7 

The lower erythrocyte DHA found in patients on epoetin could 
be due to an increased requirement for this n-3 fany acid as i result 
of increased red cell production , and this implies a deficiency of or a 
rate-limited production of DHA. However, plasma DHA values 
were not tow, which raises the possibility of a defect of incorporation 
of thus firry acid into the membrane in patients on haemodialysjs. 
A low membrane DHA probably has little effect on red cell 
icrion and may be of minor importance in adults, although it is of 
iter est that visual hailucirutiora have been described in patients on 
epoetin.* Unlike the adult, the fetus requires DHA in quantity for 
to developing nervous system, and riaemodialysed patients do 
occasionally become pregnane For reasons not fully understood, 
pregnancy in uraemia is associated with a high risk of premature 
labour and retarded fetal growth.* A lack of DHA would be 
decnmental to the fetus, and our results indicate that in a uraemic 
pregnant woman on hacmodialysii, low quantities of membrane 
DHA could be one of the hazards to which the fetus is exposed. 
Because epoetin gives rise to even lower membrane DHA content, 
io use could increase the risk to the fetus: n-3 fatty acid dietary 
supplements are indicated 
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Dietary phyto-oestrogens and the 
menopause in Japan 

Sir,— Lock, in in article on the menopause, 1 has discussed 
differences between Japanese women and women in western 
10a tries. Japanese women have a much lower frequency of hot 
(lushes than women in Canada. Lock concluded that "cultural 
indifference to the hot flush in Japan" was unlikely to account fully 
for these findings. 

Recently our Helsinki group studied, in collaboration with 
Japanese scientists, the diet and phyio-oestrogcn excreoon tn 



URINARY CXCRCTION Of ISOflAVONQIP PHnO-0 ESTROGENS 
AND ENDOGENOUS OESTROGEffS IN JAPANESE OR OHlENTAC 
WOMEN. AND IN AMERICAN ANO FINNISH OMNIVOROUS 
WOMEN . 



Umuiyisoflavortoid 
or oestrogen 



Datdzcm 

"^Bcrorit(po»ancnopausal) 
Oe«f9d«l(poicncnapn«al) 
Oestriol tpostmmopausaO 



Japanese/ 
Oriental 



3440 (n-3)* 
2600 (n =10)* 
2000 (fl-10)- 
4-48(n-9)t 
0-76<o««)t 
4«8<n-9>r 



American 



216(n-:i) 
628(fl-:i) 



Finnish 



>3 Un - 12) 
405 (n-i;) 

M'2.'n-12) 
4-W(n=l0) 
004 {n- 10) 
»44(n»IO) 
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Mraptet 3-6 montfts *dwi and vahies tm thus fntwu of uwxv eierenon m 
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Japanese women and men, and in a few children. 1 The women's 
mean age was 50-4 (SD 18-0) yean and they were all from a smalt 
village south of Kyoto and consumed a rxadioorul Jar^cse.lpw-fat 
4ieL We studied a group of three men, three women] and three 
cfufdren living In Kyoto and consuming the tradioonal diet, and in 
this group we measured the isoQavonotd genistcin.' We found a 
very high ettrgnon of rAytp -oestrogens in urme. The mean values 
were almost identical in the two groups and especially high 
excretion was found fa rwnhtcm f maximum 15*5 umol per 24 h in a 
man) and two other isolbvonotds, cjaidttin an d equo l (table). All 
these compounds bind to oestrogen reccpmr^-andJuve weak 
o estrftgnff,acgyi ry. r The excrcoonof the isoflavonoids in unne of 
the Ja^nesewomen was much higher than in American and 
Furnish women (table) (ref 4 and unpublished data) and as high in 
children as in rniddlc-agcd and old people. These compounds were 
excreted in 100-fold to 1000-fotd higher amounts than those or 
endogenous oestrogens in normal omnivorous women consuming a 
western or oriental diet (table). 

TTk excretion of the is oflayono ids in urine was associated with 
intake oYtoy pt^ucrssuch as re/u, rase, dburage, aiuagt,'kmilofu, 
soytfearo^d k j?cnicd bjans. All iso.fljvortoids are *calc oestrogens 
and such high amounts could have" biological effects, especially in 
postmenopausal women with low oestrogen levels. High lev els of 
gp^v^ lBbyo=oe«zogqu.may panly_cxptain whyTfioTtTfuJhes 
a nd_flrher menopausal symptoms are so bJFreo.uent tn Japanese 
gomen . 
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DIETARY PHYTOESTROGENS AND CANCER: IN VITRO 
AND IN VIVO STUDIES 
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Summary— Thirty postmenopausal women (11 omnivores, 10 vegetarians and 9 apparently 
healthy women with surgically removed breast cancer) were investigated with regard to the 
association of their urinary excretion of estrogens, lignans and isoflavonoids (all diphenols) 
with plasma sex hormone binding globulin (SHBG). A statistically significant positive 
correlation between urinary total diphenol excretion and plasma SHBG was found which 
remained statistically significant after elimination of the confounding effect of body mass 
determined by body mass index (BMI). Furthermore we found a statistically significant 
negative correlation between plasma SHBG and urinary excretion of 1 6a -hydroxyestrone and 
estriol which also remained significant after eliminating the effect of BMI. Furthermore we 
observed that enterolactone (Enl) stimulates the synthesis of SHBG by HepG2 liver cancer 
cells in culture acting synergistically with estradiol and at physiological concentrations. Enl 
was rapidly conjugated by the fiver cells, mainly to its monosulfate. Several lignans and the 
isoflavonoids daidzein and equol were found to compete with estradiol for binding to the rat 
uterine type II estrogen binding site (the s.c. bioflavonoid receptor). It is suggested that lignans 
and isoflavonoids may affect uptake and metabolism of sex hormones by participating in the 
regulation of plasma SHBG levels and in this way influence their biological activity and that 
they may inhibit cancer cell growth like some flavonoids by competing with estradiol for the 
tfpe II estrogen binding sites. 



INTRODUCTION 

Weakly estrogenic diphenolic compounds, be- 
longing to the classes of lignans (Ligs) and 
isoflavonoids (Ifls), are excreted in large 
amounts in human (and animal) urine. Subjects 
consuming whole-grain products, seeds, fruits 
and berries (contains mammalian lignan precur- 
sors) and soy products (contains isoflavonoids, 
arid lignan precursors) [1-6] have high excretion 
of these compounds. Up to now about 15 
structurally different compounds were isolated 
and identified by combined gas chromatog- 
raphy-mass spectrometry (GC/MS) [structures 
and literature in 4, 6, 7]. Intestinal bacteria piay 
an important role in the transformation of the 
plant precursors [2, 7, 8]. 

Lignan excretion in women is usually high 
in areas with low risk for breast cancer" (BC) 
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like North Karelia in Finland [4], and in 
vegetarians [4, 5, 9, 10] and low in women 
living in high-risk areas like Boston, U.S.A. 
[4, 5, 10]. In old women with BC in Boston 
the excretion was very low [10] and it was 
also relatively low in Finnish young women 
with BC[9]. On the other hand we also 
found low excretion of Ligs in Japanese 
women consuming traditional Japanese diet 
and having low BC risk. However these 
subjects excreted very high amounts of Ifls, 
particularly genistein (Gen) and daidzein 
(Daid) [I I]. There is already evidence suggesting 
that both Ligs and Ifls are protective with 
regard to BC [12-17] and that Ifls may be 
protective with regard to prostate cancer 
(PC) [16, 18]. 

In the present study we continue to explore 
the link between the Ligs and Ifls, and hormone- 
dependent cancer and the possible mechanisms 
by which the cancer-protective effect of these 
compounds is exerted. The results obtained 
strongly suggest that these compounds have 
cancer-protective properties. 
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MATERIALS AND METHODS 

Subjects and their diet 

In this connection only some preliminary in 
vivo results with regard to plasma sex hormone 
binding globulin (SHBG), urinary estrogens, 
Ligs and Ifls for the last part of the "Finlandia" 
study involving postmenopausal women will be 
described. The groups studied were 1 1 omnivo- 
rous and 10 vegetarian women and 9 apparently 
healthy women with breast cancer (BQ treated 
with surgical removal of the breast (Stage I and 
II). Simultaneously with the collection of urine 
and blood samples, very careful dietary records 
during 5 days were obtained, once in winter and 
once in the summer time. The dietary differences 
were surprisingly small. Preliminary calcu- 
lations showed that the vegetarians had higher 
intake of total fiber (22.7g/day, geometric 
means) than the omnivores (16.6 g/day) and the 
BC patients (16.0 g/day) but this was statisti- 
cally significant only when compared with the 
BC group (P < 0.04). No significant differences 
in dietary intake between the omnivorous 
and BC groups could be observed. Cholesterol 
intake was significantly lower in the vegetarians 
(omnivores vs vegetarians P < 0.02; BC vs 
vegetarians P < 0.002). Furthermore we found 
a statistically significantly higher intake of 
vegetable fiber in the vegetarians compared to 
the BC group (vegetarians 4.5 g/day and BC 
2.3 g/day, P <0.03). Complete dietary data will 
be published elsewhere. 

Collection of blood and urine samples 

The women collected 72-h urine samples and 
three different blood samples were drawn be- 
tween 8 and 9 a.m. into heparinized tubes on the 
same consecutive days. The plasma was pooled 
and the samples were stored with 0. 1 % ascorbic 
acid and 0.1% sodium azide at -20°C until 
analyzed. In the present study the mean values 
for one winter and one summer collection 
period were used (6 plasma and 2 x 72-h urine 
samples for each subject). 

Reference standards and deuterium -labelled 
compounds 

The Ligs Enl, End, matairesinol (Mat), and 
the Ifls, Daid, Equol and O -desmethyl-ango- 
lensin (0-Dma) were synthesized and the prep- 
aration of the deuterium-labelled standards was 
carried out as described previously [lit. in 19]. 
The isoflavonoid Gen was a generous gift from 
Professor K. Kallela. 



Cell cultures 

Prior to the growth experiments the cells 
(HepG2 liver cancer and MCF-7 breast cancer 
cells, American Type Culture Collection, 
Rockville, Md, U.S.A.) were maintained in 
Dulbecco's modified Eagle's medium (DMEM) 
without phenol red supplemented with 10 mM of 
L-glutamine, 100 1 U/ml of penicillin, lOOIU/ml 
of streptomycin, 1% (v/v) NEAA, and 15 mM 
Hepes (Boehringer Mannheim, Fed. Rep. 
Germany) with 10% fetal calf serum (FCS). 
Before the experiment the cells were detached by 
removing the medium and washing with ice-cold 
Ca- and Mg-free phosphate buffered saline 
(PBS) (Orion Diagnostics, Espoo, Finland) and 
trypsinization (trypsin 0.05%, EDTA 0.02%). 
100,000 to 400,000 cells, depending on the size 
of the plastic petri dishes, were plated in the 
same medium but now with 5% FCS for two 
days. The medium was removed, cells washed 
with PBS, and fresh medium with 5% twice 
DCC-treated FCS added and incubated for a 
further 3 days. The preparation of the DCC- 
treated FCS was carried out as described [15]. 

After the final washing of the cells twice with 
ice-cold PBS and added fresh medium with 5% 
DCC-treated FCS, the celts received effectors 
in ethanol solution to a final concentration of 
not more than 0.1% ethanol. The cells were 
maintained at 37°C in a 100% humid atmos- 
phere of 92% air and 8% carbon dioxide as a 
monolayer culture in Falcon's plastic petri 
dishes (9 cm dia.) or in dishes with six 2.5 cm 
wells. The effectors were added once per day 
and the medium changed every fifth day. Dur- 
ation of experiments was 8-10 days. Cells were 
counted both manually in a Burker chamber 
and using the Coulter counter industrial cell 
counter (Coulter Electronics Ltd, Luton, 
Beds., England). DNA was measured by 
fluorometry with a slight modification of the 
original procedure [20] using the Transcon 102 
FN fluoronephelometer (Elomit Oy, Helsinki, 
Finland) and the results were expressed in 
pmol/mg DNA. 

Cell cultures in metabolite studies and determi- 
nation of enterolactone conjugates 

In the metabolite studies with HepG2 cells, 
the cells, after the initial treatment described 
above, were first grown for four days as de- 
scribed and every morning Enl was added to a 
final concentration of I pM. After four days the 
medium was removed and the cells washed with 
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ice-cold PBS and fresh medium added. There- 
after the procedure was continued for another 4 
days and 24 h after the last addition of Enl 
extraction was carried out as described [15]. 
The fractionation of Enl conjugates and their 
determination was carried out as previously 
described (21) with slight modifications [15]. To 
the final fractions 211.2 ng 2 H 6 -labelled Enl 
was added in 50^1 of ethanol, the solvent 
evaporated to dryness and the samples silylated. 
After trimethylsilyl ether derivative formation 
the solvent was evaporated to dryness, the 
residue was dissolved in a suitable amount of 
n-hexane and the quantitation carried out by 
GC/MS in the selected ion monitoring (SIM) 
mode as described [22]. 

In studies on the time course of Enl conju- 
gation, 1 million HepG2 cells were plated and 
Enl added to a final concentration of 2 pM. 
Samples were taken at various time intervals up 
to 74 h. Medium was extracted with ethyl ether 
and the conjugates hydrolyzed with Helix po- 
matia extract as described [22] and'the liberated 
aglycone extracted with ether and assayed by 
GC/MS. 

Determination of SHBG in the medium 

SHBG assays in the medium were carried out 
with a highly sensitive time-resolved fluoro- 
immunoassay (TR-FIA) using reagents pro- 
vided by Farmos Ltd (Turku, Finland). 

Studies of the binding of diphenols to the nuclear 
type II estrogen binding site 

Adult ovariectomized rats were implanted 
with 20 /*g of estradiol (E2) and 96 h after 
treatment uterine nuclear fractions were pre- 
pared. The various lignans and isoflavonoids 
were dissolved in Tris-EDTA buffer containing 
20% ethanol and their ability to inhibit the 
binding of fHJestradiol (40 nM) to nuclear type 
II sites were assessed [23, 24]. 

Assays of estrogens, lignans and isoflavonoids in 
urine and SHBG in plasma 

Ligs and Ifls were determined in urine by 
an isotope dilution gas chromatographic-mass 
spectrometric method recently described [19] 
combining the method with the estrogen profile 
method also described previously [22]. This 
allows simultaneous assay of 20 compounds. In 
the present study Mat and Gen were not assayed 
because the method did not include these two 
compounds at the time of analysis. Thus we 
determined 13 estrogens and the Ligs Enl and 



End, and the Ifls Daid, Equol, and 0-Dma. 
SHBG in plasma was determined by the RIA kit 
provided by Farmos Ltd. 

Statistical methods 

The mean values presented are geometric 
means. In the statistical analyses the mean 
values for the winter and summer collection 
periods were used and when necessary logarith- 
mic transformation was made because of skew- 
ness of the distribution of the results. The degree 
of univariate associations between two variables 
was estimated as Pearsons correlation co- 
efficients (r). Partial correlations were calculated 
to eliminate the effect of body mass index (BMI) 
on the results. Correlation coefficients and par- 
tial correlation coefficients were calculated using 
the StatView II programme for Macintosh II 
(Abacus Concepts, Inc. Berkely, CA, U.S.A.). 

RESULTS 

SHBG, diphenols and estrogen I6(x.-hydroxyl- 
ation 

In the three groups of postmenopausal 
women the plasma SHBG values' were statisti- 
cally significantly highest in the vegetarians 
(70.3nmol/l) (P < 0.0002) compared to the 
omnivores (31.1 nmol/1) and BC patients 
(34.8 nmol/1). The vegetarians had significantly 
higher urinary excretion of Enl, total Ligs, total 
Ifls, and total diphenols (P < 0.05-P < 0.007) 
compared to the two other groups (details to be 
published elsewhere). 

We found a statistically significant positive 
correlation between urinary excretion of 0- 
Dma, Enl, total lignans and total diphenols 
and plasma SHBG. However, this correlation 
was partially dependent on the fact that the 
vegetarians had significantly lower body mass 
(BMI = omnivores 26.1, vegetarians 22.4, BC 
26.2). BMI showed a negative correlation 
with SHBG (r = -0.580; P< 0.001) in these 
subjects. After elimination of the confounding 
effect of BMI we still found a statistically 
significant positive association between the 
urinary excretion of 0-Dma (r =0.421), Enl 
(r = 0.391), total Ligs (r = 0.382) and total 
diphenols (r = 0.400) and plasma SHBG 
CP < 0.05 for all). 

When studying the association between 
plasma SHBG and the excretion of individual 
urinary estrogens we found that there was no 
association between SHBG and urinary catec- 
holestrogens. However, we found statistically 
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significant negative correlations between SHBG 
and urinary 16a-hydroxyestrone (r = -0.448; 
P <0.05) and cstriol (r = -0.572; P < 0.001). 
Partial correlation coefficients eliminating the 
linear effect of BMI on the results showed that 
these significant associations remained but were 
weaker (r = -0.390 and r = -0.409 for 16a- 
hydroxyestrone and estriol, respectively, both 
P<0.05). 

Stimulation of SHBG synthesis by enterolactone 
in HepG2 liver cell cultures 

Concentrations of Enl between 0.5 and 
10 stimulated SHBG synthesis by HepG2 
human liver cancer cells in culture (Fig. 1). The 
maximal effect was found with SfiM concen- 
tration and a toxic effect could be observed with 
concentrations above 10 fiM (Fig. 1). 200 nM 
concentration of estradiol (E2) was needed to 
obtain a similar stimulation of SHBG synthesis 
as 2 /iM of Enl. When E2 (200 nM) and Enl (5 
or IO/xM) were combined they had additive 
effects on the synthesis (Fig. 1). 

Metabolism of enterolactone by HepG2 liver cells 
The conjugation of Enl by HepG2 cells was 
very rapid and within 10 h more than 95% was 
conjugated (Fig. 2). The relative concentrations 
of the different conjugates of Enl identified in 
the medium are shown in Table 1. The main 
conjugate was the monosulfate (EnlS) amount- 
ing to about 78% of the total. 



nM Enterolactone 

2000 * 





--O" Free Enl nM 
— • — ConJuQ. Enl nM 



Time (h) 

Fig. 2. Conjugation of enterolactone (Enl) (2 /iM) added to 
cultures of HepG2 cells. 



Binding ofdiphenols ot the nuclear type II binding 
site (bioflavonoid receptor) 

Figure 3 (top) shows the binding of the two 
main mammalian lignans Enl and End to the 
nuclear estrogen type II binding site. In addition 
the binding of two plant lignans, matairesinol, 
which is the precursor of Enl [2, 7] and of isolar- 
iciresinol is shown. In the lower part of the 
figure it can be seen that daidzein and equol 
show significant binding but their precursor 
formononetin does not bind. to the bioflavonoid 
receptor. 

DISCUSSION 

It has been proposed that a low rate of 
2-hydroxylation and high rate of 16a -hydroxy!- 
ation leads to a greater risk for BC and endo- 
metrial cancer. BC patients, women with genetic 
predisposition for BC and mouse strains with 
high incidence of BC have been shown to have 
high 16a-hydroxylation of estrogens [25-27]. 
Furthermore a parallel increase in ras pro to- 
oncogene expression and of estradiol- 16a- 
hydroxylation in human mammary terminal 
duct-lobular units by a carcinogen has been 
found [28]. 
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Enterolactone (Enl ) and estradiol <E2) concentrations 

Fig. I. Enterolactone stimulation of sex hormone binding 
globulin (SHBG) synthesis by HepG2 cells in culture in the 
absence and presence of estradiol. Number of experiments 
indicated on the top of the bars. 



Table 1. Distribution of conjugated metabolites of enterolactone in 
the culture medium 24 h after the last addition of enterolactone 
(1 pM) to the medium of HcpG2 liver cancer cells in culture* 



Fraction 



Fraction 



'Means of two experiments. 



Unconjugated 0.12 • Monosulfates 77.6 

Monoglucuronides 6.29 Disulfates 5.33 

Diglucuronides 6.82 Sulfoglucuronides I ^80 

In other fractions 2.04 

Total 100.0 
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Fig. 3. Competition with pHJestradiol of lignans (top) and 
isoflavonoids with regard to rat uterine estrogen nuclear 
type II binding sites (bioflavonoid receptor). 

Several earlier studies by others as well as 
our own seem to speak against the hypothesis 
that increased estrogen 16a -hydroxy lation is a 
risk factor for BC, because all low-risk groups, 
compared to high-risk groups, have relatively 
more urinary 16a -hydroxy lated estrogens, par- 
ticularly if also the fecal estrogens are 
included. These observations have recently been 
discussed [16]. In addition we could previously 
not observe any increase in 16a-hydroxylated 
estrogen metabolites in urine of Finnish pre- 
menopausal women with BC compared both to 
omnivorous and vegetarian controls [29]. 

However, in the present study the old Finnish 
women showed statistically significant negative 
correlation between plasma SHBG and urinary 



16a-hydroxyestrone and estriol in the whole 
material (n = 30) with the highest values of 
1 6a -hydroxylated estrogens and lowest SHBG 
values in the women with BC and the omnivo- 
rous women. In the same material there was a 
significant positive correlation between urinary 
total diphenol excretion and plasma SHBG. AH 
these associations remained statistically differ- 
ent despite elimination of the confounding effect 
of BMI on the results, although the associations 
were weaker. It has been shown in many studies 
that a low SHBG level means a higher metabolic 
clearance rate and uptake of sex hormones in 
many tissues including the liver, the principal 
site of estrogen 1 6a-hydroxylation. Post- 
menopausal women with BC have frequently 
central obesity and low SHBG levels [30-32] 
and we therefore suggest that some of the in 
vivo results obtained in BC patients showing 
increased estrogen 16a-hydroxylation may 
have been at least partly due to a low 
SHBG in the studied subjects. To our knowl- 
edge SHBG was never measured in these 
studies. In fact it is possible that increased 
cellular membrane permeability for nonpolar 
estrogens caused by different mechanisms 
may also in other tissues lead to increased 
16a-hydroxylation. 

Estradiol has been found to stimulate the 
in vitro synthesis of SHBG by HepG2 cells 
in culture, but the concentrations needed for 
significant increase in production are much 
higher (0.5-5 fiM) than those occurring physio- 
logically [33]. Our experiments show that only 
10 times more Enl is needed to show the 
same stimulation of SHBG formation as that 
observed for E2. By relating SHBG synthesis to 
cell number and DNA it could be observed that 
this was not due to increased cell proliferation 
but to a true increase in synthesis. This was also 
confirmed by measuring intracellular SHBG 
after sonication of the cells. 

The question arises whether the concen- 
trations of Enl in the organism, particularly in 
the portal vein blood, are sufficiently high to 
have a stimulatory effect on SHBG synthesis. It 
is well known that estrogens administered 
orally, compared to parenteral administration, 
are much more effective in stimulating SHBG 
synthesis [34]. Enl enters the liver via the portal 
vein probably in much higher concentrations 
than those occurring in peripheral plasma. We 
know very little about the levels of Enl in 
plasma. Total Enl (free + conjugated) values in 
4 women ranged between 0.7 and 5.3 nM [35]. 
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Our own unpublished preliminary observations 
suggest that the concentrations are much higher 
in plasma of Finnish women and in vegetarians. 
We observed total Enl values between 15 and 
70 nM and between 20 and over lOOOnM in 
omnivores and vegetarians, respectively. About 
5-30% of the total occurs in the form of 
unconjugated Enl or in the sulfate form. As 
found for estrone sulfate, we believe that the 
sulfates of the lignans can be hydrolyzed at the 
cell membranes and have biological activity 
because of the abundance of intracellular sulfa- 
tases in the organism. Thus it is very likely that 
Enl in the free 4- sulfate form occurs in con- 
centrations at least 10 times higher than those of 
unconjugated -f sulfate-conjugated E2, particu- 
larly in the portal vein blood. This makes it very 
likely that these compounds may be involved in 
regulation of SHBG levels in plasma in agree- 
ment with the positive correlations observed 
in this and previous studies [5, 9J between ex- 
cretion of lignans and isoflavonoids in urine and 
plasma SHBG. 

Compared with MCF-7 BC cells [15], the 
HepG2 cells conjugate Enl as rapidly (Fig. 1 and 
Table 1), but less monosulfates and higher 
amounts of glucuronides and disulfates are 
formed. The monosulfates represented 78% of 
the total compared to 91% for the MCF-7 cells. 
Thus our preliminary results in plasma showing 
considerable amounts of sulfate-conjugated Enl 
in circulation are in good agreement with the in 
vitro metabolic results obtained with HepG2 
cells. 

Our results show (Fig. 3) that diphenolic 
lignans and isoflavonoids compete with E2 for 
the rat uterine nuclear estrogen type II binding 
site. These sites seem to constitute a component 
of the genome which regulates estrogen-stimu- 
lated uterine growth [23, 24]. Originally it was 
observed that some flavonoids like luteolin, 
quercetin and pelargonin inhibit E2 binding 
to this receptor and in this way uterine cell 
growth. They also inhibited growth of MCF-7 
cells in culture, and in vivo E2 stimulation 
of immature rat uterus [36]. The structures of 
these flavonoids are very similar to those of 
the isoflavonoids. Luteolin, quercetin and per- 
largonin have to our knowledge not been ident- 
ified in the human organism. However, Daid, 
Eq, Enl and End were all found in plasma, 
saliva and urine of human subjects and Enl, End 
and Eq in prostatic fluid [37, and unpublished, 
see above]. Now also Gen, Mat and 0-Dma 
have been detected in plasma in our laboratory^ 



It was suggested that the isoflavonoids and 
flavonoids may all act synergistically inhibiting 
cell growth in malignant cells via the type II 
binding site [16] also called the bioflavonoid 
receptor [36, 38] or by inhibiting specifically 
the tyrosine protein kinase [16] the enzyme 
mediating the activity of many growth factors in 
the cell. 

It is concluded that lignans and iso- 
flavonoids may influence sex hormone 
metabolism and cancer by influencing plasma 
SHBG levels resulting in lower- uptake and less 
biological activity of these steroids and by 
inhibiting growth and proliferation [13-15, 18] 
of hormone-dependent cancer cells. 
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. ..i ! 304 WOXG-OEST&OGEMC CONST1TCESTS IS RED CLOVER 

DETECTION AND ESTIMATION OF. ©ESTROGENIC 
CONSTITUENTS IN RED CL"5VfR 

.' , By B. WONC 

* t 

, . A. two-dfmenjionHl piper chroatftogrtphk method hM been otcd for tiw toputtlon and 

detection of aHtht known oectrogenfc^ Tktpretenco 
of other Uoflfirone cojnponenti In red dam is ttgjested. Tne coaceott^Ucmt of the indl* 

/. • vidoal oestrojenfc'eonjtlwentj *ere determined by ■pecttop h otomctrig measurement Alter 

* tepaiution by paper chromatogrtphy. . Btochanin A bu beca found to be tbe'frndnmlrunt 

oatni gm Co ltd dorer. vhfis focmopo^^ tt^ other ofcjor itoffcvone) U inactive. 

<*£f? Introduction 

The weakly estrogenic isonavones biochainn A 1 (U), gsnUtdn* (lb) and daidrHn* (XIa) 
ttf< hare been found in red dover (I rj/citom proteose) as well as in subterranean clover {Tri/oHum 

* : subitrraneum). Another isoflavone, formoncnetin (lib). Is also known to be present in red 

•'■ dorver/ * Coumestrol (ni), the oes 
, .' (TrtfoUum rtpcns) t has also been reported to be present in Ted clover and other forages.* The 

\ j .oestrogenie activity of these compounds has been discussed in a recent review.* 

Munferd & Fta 7 have recently shown that the oestrogenie potency of New Zealand red 
\ \ clover is considerable. .By the mouse utenne weight assay they estimated an equivalent activity 
; of about 7 of diethybtilboestrol per 100 g. of dry dover. In view of the relatively high 
.... ' ^estrogenic activity and the known presence of several oestrogens in red clover, it became of 

• interest to determine the relative contribution of these constituents to the total biological activity 
/ .v r of .the plant material This paper describes a' twrnlimensional paper chromatographic method 

' f - for the separation and estimation of the oestrogens in fresh red dover extracts. 




Experimental 



ffift Plant maUrtal 

*w V Re<l dover plants (New Zealand late-flowering strain of the Montgomery variety) were 

sampled on two occasions daring the growing season, Samples were taken in early Spring 
i'v^i;; ; (October i960) (Sample T) and in late Strnimer (March 1961) (Sample II). Freshly harvested 

} " N herbage was separated into leaves and stem and petioles as soon as possible after cutting and 

j immediately soaked in 93% ethanoL 

' Jf\ Extraction of plant materials 

T wV^ ' A 50-g. sample was macerated in 2 jo ml of 95%ethanol in a Waring Blender. The resulting 

• mixture was refluxed for 15 min,, filtered, and theresidue re-extracted with 250 ml of boiling 

: S>/'^ ethanol for 5 nm The co mb in ed filtrate was concentrated under reduced pressure and brought 

;J\?£ to goo ml of 70% aqueous eth anol by adding water. The aqueous alcoholic snspension was 

-~ ' then extracted four times (total 250 ml) wttb light petroleum (t>c*img-range dc-?j°)rThe 

' petroleum extract was cUscarded and the aqueous alcoholic phase concentrated under reduced 
pressure. The residue was suspended in xocTml of water and e^rtractSTwlth . four ico-mL 
portions of ether. The combined ether extracts were evaporated to dryness to yield the ether* 
soluble fraction. The following amounts of ether-soluble materials were obtained from the 
various fractions : Sample I : leaves 220 nig., steins and petioles X05 mg. ; Sample II: leaves 
296 mg., stems and petiolra 66 mg. ' * 

Paper chromatography 

The ether-soluble fraction was taken up in ethanol usually at a concentration of 10 mg./ml 
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Aliquot* of:3oo ph wore used for two-dimensional descending chromatography on Whatman-'..* 
No. 3MM piper previously washed with aqueous acetic acid (50%) followed by ethanoL.VIhe 
washxogs were earned oat by downward irrigation of solvents 'for a total period of a-^'l days'" 
. a* for chromatography. The single phase system benteae-ecetlc adoWatcrfias : 7* was \ 
; usecVlor the fi^. direction. This system has the advantage ^'moving cortammating fcreen v 
•pigment and lipid material near the solvent front wkLgivo a very goe4 a : 
phenols. ) " .- 
• j^ueousaxwiidnia(2K) was found to be the most suitable solvent for the second directton.' . 
• Although substances sudras flavonols ar&iinstahle in this alkaline solvent system; the oesti^bs' ; 
under consideration' and most of the other conrae&ta.tfro not affected (bat with biochanm A 
at high concentrations a slight visible brpwn '.beard ' is usually observed just in front; of the - 
spot-probably; due to;partiai. degradation). " • . * ; ? : :v '.-: 

'." * The mdlvio>al spirts on ^x&oMogram'wert located by'ii!tm.violet'hgBt (Hanovia x& 
I 365 mji) and .with spray reagents, d^tised-siilpaa^ most ftuitabfe^Tbo * 

-isoflavones .^ete identified by comparison with synthetic materials;" Coumestrol was- identified 
'b7. com^^m>ith a* authentic' sunpje.' These constituents ware found to bo'dlstmctly. 
separated from -one another' and from other phehaHc spots on the two^menrfonal chromato- 
gram. TWtfrifie*frreaeM 

' was invanaMy-ooserved;' The appearance 0/ the isdtevones and some other constituents, on 
, a*.typlcal ciromatogtanr is- shown m. fig. xv • • " 




Flo. 'i.~?ap*r, tinmtlognak lowing cutosqsnt and nms oOtr compenatis from wtd dav'er\nof all tpots them) 



For ' 

.0- 



4.5 



Sfctiropfafamrtric measurement «*; i'j/ -,t 

•" The isoflavone spots on the chrcmatogram after location with' ultra-violet light were etoied'' .: 
with' ethanol for' about 24 k with occasional shaking, .The. identities of. the'.fsonWies* ! . wqfer ■ 
confirmed by measuroniCT^ 



. ' Table I 

UttoHrtolrt sbsMptcn iota far taJQetxmts 



Uiocfcmun A 
Genlrtetn 
Fui uiflnonctio 
Daidxdn. 



26J 
ajo - 



hydraxfdo* 
.'» 

' 360 



£ Xtualfniom 
ilariie la 
cthaooJ 

aw 
*73 

350 



£t« xro-< 
(max. ia eUxaaoI) 



i-»3 

1*01 
I '00 
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with known amount of isoflavones, recoveries varied from 60 to 85% for the different compounds. 
Individual compounds however gave consistent percentage recoveries. TI» mean percentage 
'recovery and standard deviation for each Isofl&vone obtained from seven determinations over 
. the range 25=^00$^ are aj follows : biochanin A, 63 ± 3*5 ^5v5tc^)63 ± 3*9 ; formononetin, 
"74dh5^r^2^ 3 ± a * 2 %' The results in Tabic IU iferve-been corrected for mcomplete' 
•• elation. 

The quantitative' extraction of formorumetin was impracticable because of its low sok-" 
bitty in the common solvents. In the extracting procedure used, it was noticed that substantial 
amounts of fcrniortonetjn usually remained in the interphase as insoluble scums. The. actual 1 
• level of formononetin in the plant material was* therefore higher than was determines here. 

' The level bf coumestrol on the chromaiograms was found to be far too low to measure by 
ultra-violet absorption, but its intense whitish violet fluorescence under nhxa^violet light makes 
it possible to estimate it visually. As little as one /ig. of coumestrol 'on the two-dimensional 
. chromatograms (corresponding to a concentration of 0-02 mg,-% in the plant) was easily detect- . 
able under ultra-violet light The intensity of the coumestrol spot from Sample IT was of that 
order. 

Quantitative estimation of the individual oestrogens in the steins and petioles was not 
made. • Two^iimensional paper chromatography showed that the compositions of the leaf and 
stem fractions. were very similar. The level of oe s trog en s in the stems and petioles was, however, 
much lower, than that in the leaves. f 

' Results from the present work dearlyjshog_that formononetin and biochapin A are the 
two major i sofevones of red clover. Together they constitute the major portion of the ether 
sotableTScTfimafter reloavalxf chlorophyll and lipid material By comparison, genistein and ' 
daidxein a re present only in very low concentration s. The approximate concentrations of the 
isefhwoneYand coumestrol in red clover meal hove bean- estimated by Guggolx et al,* Their 
results for the isoflavones are similar in relative proportions to those given here but are much 
lower in magnitude, but their figure for coumestrol is much higher than that found -here; .. 

A detailed comparison, of the o^rogenlc activity of the four isoflavones (Wong & Flux, 
unpublished results 41 ) has shown that genistein, biochanin A and AmAwSn are all approximately 
of the same order of activity, with a variation of only 2-3 fold, whereas formononetin appears 
to be inactive. 'Coumestrol has been reported to be approximately 30-40 times more active 
than the isoflavones, 14 but it is present "here in such a minute amount as to be considered 
negligible. 

In view of the relatively low concentrations of genistein and daidzein, and the inactivity 
of formononetin, th ck-oeatroepnic activity of red dover is therefore due ptedominantlv^t obio- 
chaninA. The activity of fxeezeAJried clover has been found to be equivalent to about 9-10 wg, 
biochanin A per g. oi dry clover (Wong & Flax, unpublished results*), equivalent to a level of • 
150-170 mg>% fresh weight The values for biochanin A given here are in good agreement 
with the bioassays. In subterranean clover, the level of genistein has bean estimated to' be 
of the order of 4-7 mg. per g. of dry clover." The concentration of biochanin A has also been 
found to be appreciable.' Thus ft appears that eenbtem and biochairin A are the maj or 
oestrogens mjrob.tgrjranean cloven \ vherm in red .clover, biochanin A is theortly Important 
oestrogenic constituent. * * " * 
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NOTE ON DETECTION OF MAIJKflTOOtf^^ 

i* A a. ^^^^^ff^ : '^^^^am 

. Recent work at the A.R.C Pest Infestation I^^^^P^/a^^t^^ ^^^ 
Products Institute (London} has shown that si 
■ insecticide malathion {S-i, 

may give erroneous results when used to estimate residues in 
can usually Be overcome .by appropriate modification of _ 

Some results obtained previously may therefore be affected . In particnla^! 
quoted after surface application of a malathion water^iispeTSible ixisecti^ powder ; tb 
ice-ban (McFariaiie, J, A,, ScL Fd Agrit^ 1961, 12, 673) should not'teacc^ptedrwil 
should, not be assigned that the results referred to are necessarily <. invalid, 

i observed that chetk tests' should be made' if th'e.use.'of 
nphtedV 

ugbt these problems to %ht win be ^ven in a jiaj 

t submitted for pnortffl ^3 ^^^^^^^pfetal : ■ 
to test the uptake of malathion by varf™ !^S5itiwi / rfftWrng rice-branv has^beenSSet 
&t j.the ^^^^^^P U^tory* *ad the results will be published as soon as poaabla>; 

^fc^»t^A^^ural laboratories ' V - V 

1 "iW^i- P.0< : Box 30028, Nairobi 

Kenya . ■ . 5 

{Present address : e/o Pest Infestation Laboratory, Slough) ''*.*. 
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mentioned abovr waa isolated from red clover termination. Iu IR spectrum C^- Srem&v 

extracts In this experiment. the presence of pdyhydrosy and three ea^j' 

The molecular formula C u H,,0„ was as- bonyl bands together With *f Puttee oft* 

rigS « the addie .ubnance I through isofiavcae nucleus.'" °^ h ^^*S*js 

elemental analysis and molecular weight de- 0X1 v methanols hydrochloric arid, I gave » ^ 
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Aq. phase 



Organic phase 

j Dried ofef NojSO< 
I Evaporated 

Rcatdual oil (acidic fraction) 

. Ptrtldon chromatography jtfth 

SiOi and phorjphate buffer (pK 615} 
. Bluted with AcOMuOB 



Ehiato 

i 



Gelite parti tioa chromatoi 
Etottd Vith GHClr60^ 



r ,AcOEr (2.2:1, v/v) 




PW. la. Iwlatioo Procedure (or M^nyM^^*^** 7 ^^*^^^^^*^ ®' 
• Treatment of thli fraction U filuitraied in Fig. lb. 



loTj.kTLooker and W. W. Hwoeipaa, /- Off* 
On., ZT, 381 (1962). 



1 three or. 
■4 I gave i 




ieoo EST 

FlG. 2. IR Spectrum of 54vlalonyW-0»^wm>1^ J 7^1ihydxoxy4 l ^«M^fOfUYO« (1) io T^qjol. 



. seutml' compound, GJHsfi ltt completely 
statical with the compound H mentioned 
.'.shove. 

When U was hydrolyzed with concentrated 
phosphoric acid, it afforded n-glttcose and an 
tofiavone, and no other compound could be 
detected io the hydrolyzate, By comparison 
l^.cfUVasdlR spectra as well aa by chemical 
Y degradation according to the report of P. E. 
3».King 4 al, u 1 the Uoflavone was identified as Wo* 
t Wa A, S^^ihydroxy^'-methoxyUoflavone, 

Kloe, M.F. Cnwnlon tnd K.O. Nclll, 
Ms, 4560* 



. which was first, isolated from Cftou by 
S. Siddiqui 11 Thus, II was confirmed to be 
a new glucoiide coniistlng of each one mole 
of n-giuooie and ciochsnfn A. 

In the UV spectrum of II (Pig. 3), the 
absorption maximum at 253 m*/ in neutral 
athanol solution did not shift in alkaline con* 
ditioni. m This suggests that the glucoBe 
moiety is attached to the 0-7 of the isofiavone 
nucleus. The location of. the linkage was 
further confirmed by the inaction of II with 



13) L, Jure &ad R.M. Korawitz, /. Or/. Chmi, 
22. 1618 (&57). 
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aethane." 1 In the NMR spectrum of ' 
(Fig. 4), a IH doublet at d 5.07* was as- 
ed to the W'H of the glucose moiety, . 
the coupling constant, 7.5 cps between 
£1"H and G2"H Indicated the ^eonfigura- 
Since the signal at i 5.07 was not 
^shielded by acetylation of II, C-7 and CM" 
1 be connected with one another. Thus, 
fllras been established to be 7-*>-/}*gIucosyt«S l 
^Ihydroxy^methoxy-ifioflavonc. This may 
be the fin: example for the Isolation of a 
ffucpside of biochanin Al 



Ether 




Hetty! »cet*u 



Dimethyl maJoQtte 



(I) R-CQCH,CO»rT 

(II) R-H 

;* ..When I was mildly bydrolyaed with dilute 
aethanoUc- hydrochloric add as mentioned 
.earlier, carbon dioxide and acetic acid were 
produced besides II. Moreover, a.traee amount 
.ef dimethyl znalonate was detected, when 
* bydrolyzate was treated with diazomethane 
and subjected to gas chromatography as shown 
b Tig. 5. The C,HA difference in the 
molecular formulas of I and n corresponds 
to the presence of a malocyl moiety in the 
former. The bands at 1698 and 1768cm" 1 in 
IR. spectrum of I can be respectively as- 
to the two carbonyls of the malonyl 
r «Mue constituting respectively the free car- 
1 and the ester bond with phenol. Fur* 
a 2H singlet at * 355 in the NMR 
JPectnun of I (Fig. § should be assigned to 
jj* methylene group in the malonyl moiety. 
Tbts, the structure of I has been established 
U 5-ir^onyl-7-i>^ucc^^ > 7^ydroxy-4'. 
geihoiyisoflavone, which is a novel hetnl- 

sJJ T.A. Gcinmaa and R.O. Ctinton, /. Am. 
-n^jj^i «. S3?, 700 (1964). * 
. Chemical shifts are expressed In 0-valua (ppm) 
™ tct ^nnhyUUine as ao Internal standard. 



0 5 
EUttotloa ttmet, mto 
fig. 5. Gas ChroaatQgna of Etktt-Soublc Acidic 
Friction Derived from Hydrolvilt of X, 

Column (5x225 am): dlethylene glycol succinate 
(SMtnaKte, fiO^eOotetb, 15#); Column temp.: 
120'C; Sample chamber terap^ I45°C; Detection 
temp.: 170*C; Carrier gas: Kg SOral/rnio. 

mabnate among the iso&vonoids isolated so 
far. 

The compounds reported here showed in- 
hibitory activity on germination of red clover 
seeds at the concentration* of SO to 1000 ppm 
The detail* of the biological activities will b« 
reported elsewhere. 

EXPERIMENTAL 

IR measurements were aide with a JASO&S KCX 
tpecfrophctcnieaer, and UV spectra were meuured 
with a Cary-PM spectrophotometer. NMR, spectra, 
were meuuztd wlib a JKM-4H-1Q0 spectrometer* 
Gas chromatography wu performed on a sm™*** 
Gal Cbromatograph GO-IB. 

Ittlation o/ an edite ittjta&uM (J), 5*mokiyif*{>~ 
/•/i5ca^^^roj7^^#t*fljr^TO^Mfl«. Al indi- 
cated in Fls> la, 50 kg or leaves aad items of red 
clover were dried to shade and extracted with three 
50 1-ponloai of methanol, The combined extracts 
were evaporated under reduced pressure to 51 of 
the aqueous residue, which was shaken with 41 
of bcxaae. The aqueous phase wu adjusted to pH 
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3.0 wlik dilute hydrochloric acid and extracted with* 1 580, 1320, 1453, 
three 13 Insertion* of ethyl accrue. The extracts 

were concentrated to 5 1 under reduced pressure and / ?*htbn and (dtn${fiatien •/ tmpvtndt UI*1X jn 
stirred with Three 2 1 -portions of saturated aqueous I *»«*n *o *V lb. trifolirbudn (III) and ononfo nCSs 
sodium bicarbonate. The combined aqueous layers) were obtained from the eluate with 60 and 70# tnneo2-? 
ware acidified to pH 3.0 and extracted with three 3/ k* 1 * 0 * fro* the above mentioned charcoal ccJujtotS 
l«portioas of ethyl aetute. The extra were dried \ v »ttoof43 AodxlOmg, respectively. Further, W n 
over tmhydroui ndlun tuliate and evaporated under / of cUidtein (V), 2mg of its 7-giucoaidc (VT), 330 a 
reduced pressure to yield 100 g of a residual syrup. / of fer mononed n (Vlty, 13 m* of genistdn (VHT) * 
Ten gmtwofmeiymp wasdistolred In 50 ml of ethyl I Wmg «f b lochanln A (IX) were obtained 
acetate and applied to a column by using 150 g each of \«vety. 

silicic add (Malllnekrodt) and O.tji photphate buffer m and VH were assigned by the IR and by* 
(pH 6.3). The column was successively Huted with , ^ cari «d melting points which were Men ties] 



2 I-poniooi of ethyl acetate con mining I.0 f 2.0 or 
3.0% butanol saturated with the above-mentioned 
phosphate buffer. The eluate with ethyl acetate con- 
taining S# butanol afforded of an yellow oil, 
wfcleh was further applied to a column of 20 g of 
eellte impregnated with the upper layer or the mixture 
cTchlorororm-60^ ethanolechyt accrue (2 : 2 1 1, v/y). 
The column was successively doted with 30 mi-par- 
tiow of the lower layer of the above mentioned solvent 
system. Fractions No. 3-8 were combined and 
evaporated under Teduoed pressure to give 10 mg of 
I. Rccryttaltixation from aqueous methanol aflbrded 
cojorlesi needles, mp 2lV2IS»a Anal Pound: Q, 
35.07; H, 4.43. Calcd. for CaH«Oi,: C, 36.59; H 
4.34#. UV X™ H tnpitY. 263 (29,000), 335 (5500). 
mifiPcnrt 3200, 1768, lfiSd, 1650, 1615, 1580, 
1318. 

Motion e/ a antral Oofavcncid {U), 
5J-dlhyiTex}.4>~mithQxjlsQjlmun$, As Indicated In 
Fig. lb, the remalniag ethyi acetate solution after 
teparatiea of the acidic traction by stirring with 
saturated aqueous sodium Bicarbonate was evaporated 
under reduced pressure to give I50g of ao yellow 
•yrup. Tea grams of the syrup was applied to a 
100 g<hareoal column and the column wis sucecs* 



reported data for the compounds. Other 6ve eoc5i 
pounds were proved by comparisons or their rndttor^ 
point* and chemical reactions with those la the earlte/i 
reports. Moreover, these assigmcnts were supported^ 
by the following reaoW When datdxela ghjccslde^ 
00) was hydrolyzed with concentrated phorpliorft/. 
Acid, U gave free daidxein (V). Treatment <f Vf-i 
with diaxomcthane afforded oaonm (IV). Further, *i?J 
hydrolysis of IV with covenanted phorphoHe ec«r 
yielded formononedn (VII). When V and VII wot 
treated with diaeomcthane, they afforded 4V-djme.O< 
iheaty-ifoflavone. In a similar way genttteut (VIII)**^ 
and biochanln A (TX) gave 4',7^imethoxy^hydrwyw J3 
itoflovone, • 

hfiU zdi hydnly&t tf I 

Formation of carbon dioxide— To 3 ml or methanol 
containing 0,03 ml of 1 N hydrochloric acid was added > S ] 
SOmgofI, and the mixture wasrefluxed at50°CferM «~\ 
mlo in a stream of nitrogen purified with odd, alkali g L 
and aqueous potassium permanganate successively."^] 
Carbon dioxide evolved was passed through 20 ml of ^ 
aqueous solutlan containing 0.8 g of barium hydroxide ; 
and 0.4 g of barium chloride. The precipitated barium ^ 
carbonate was separated, washed successively vim 
w*ter, W^ethanol and ether and dried under reducedj 



slvely eiuted with 2 l-ponwai of water containing prenure. The yield was 17.3 rag which eexiespoodY 
aeetot m Inc r e med by ten percent steps. Theeluate with to 5.7 mg of carbon dioxide ' 



aoueoua, acetone wai evaporated under reduced 
pressure to give L2g of an yellow powder, which wai 
further applied to a 15 g-charcoat column with the 
■Afiit manner as mentioned Above. The traction with 
90# aqueous Acetone was evaporated under reduced 
pressure to give 150 mg of crude XL ftoeryttalUtation 
tea aqueous cthaeol aficrded colorless needles, ,mp 
■207-aS o a Anal. Found; O, 58^3; H, 4.82. Cakd. 
for CnHnO^- C, 39.19, H. 4.97^, UV i^m^ 
253 (30.000), 336 (3000). IR $2j*carH 3200, 1660, 



Formation of acetic and mabnie acids-After the L 
end of the hydrolysis, the reaexun mixture wss^ 
neutraltced with dilute sodium hydroxide and the . 
to! vent was evaporated under reduced pmrurc Then, 
water was added.to the residue to amount to 50 ml,.; 
and the resulting solution was treated as tallows: 

a) One half of the solution was subjected to steam - 
aMstDladon, and 200 ml of the distillate was neutralised 
with 0.63 ml of 0.01 N sodium hydroxide which cor*^ 
respondi to 2.73 ml of acetic acid assuming that (t 



dd be the; 
j aqueous * 
r \ihe imkti 
Another 
: b^roc! 
o: 

rthelsoUtti 
i dried o\- 
i under m 
i 2ml of*- 
cmoved 
trWeh 
Jti reveal thepv 
ate as tl* 
» rormation o: 
I aqueous 
i a solid, vl 
Aftr 
ton was *~ 
1 40 mg of i 
rnetbssol 

'fctooidt, ' To 
£305 aqueous el 
'rtoipberie aetd 
for 3 hr In a tea 
•I ice-water to 
Aqoeous methan 
bo 312-2WC 
A based on tb* 
£iU2; R, 4.10. 

»4<SO,000), S3i* 
«», 1631, 157:. 
fcxan, the cry* 
^•eSd and ^hydn 
satot with hot at, 
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J be the predominant organic add. The rcmsln- 
. aqueous solution after *«am diitlllaiien was used 
w t he Isolation of II. 

Another half of the solution was acidified with 
1 r hydrochloric acid tnd attracted with three 20 
^tianj of ether. The aoueous layer was used 
. fflC isolation of XI. The combined ether extracts 
v. dried over anhydrous sodium sulfate and evapo 
^ und« reduced pressure. Tbo residue wu raced 
fob 2 ml of ethereal dkiomcthine and the solvent 
, removed to yield ao oily mixture or methyl 
^ri. ^Mch was subjected to gas chromatography 
p reveal the presence or • minute amount or dimethyl 
gxlona to as shown In Fig. A. 
[- Formation of the isofavonoid (II)— The above men- 
antd aqueous residues were combined and evaporated 
»a solid, which was then dissolved In I ml of 
, After separation of. Insoluble matter, the 

was evaporated under reduced pressure to 

p* 40 mg of the isofiavonotd (II). XUcryttaUizadon 
methanol afforded colorless needles, mp 207~ 
C 

XjdntjtU of II ani its tetatfiatba as tid^maia A 
JataMt. To a solution of 200 rag or II In 10 ml of 
10« c ' aqueous ethanol was added 1 g of ameennated 
ptotphorlc acid. The mixture was heated at. 115*C 
fcrShi in a sealed tuWand then poured into 100ml 
«f ice-^-atcr to give crystals. Rccrynanixauoo from . 
iseueout methanol afforded 110 rag of colorless needles, 
mp 312~2I4*C, which were tdenrl6ed as Mochaaln 
>** A used on the following data. Anal. Found; C, 
■7.72; H| 4.10. Calcd. for CuHtsOs: O, 67.60; H, 

* 214 (30,000), 836 (9000). JR i^axrH S«73. S3H0, 
V 1«0, 1631, 1573, 1532, 1300, 1258, 1190. By alkali 
fusion, the crystals afforded 2,4.6-uUiydroxybesxatc 
arid and >4rydroxybenxaie add. In addition, treat- 
cjcol tv!rh hot aqueous barium hydroxide gave anisic 




acid. 

The filtrate, obtained after reparation of biodunla 
A, was concentrated to 10 ml under reduced pressure 
aad applied to a column of 25 ml of DU20 In H 
form. The column was elutcd with 100 ml of water, 
aad the elu&te was concentrated to 10 ml. This was 
(unher applied do a column of 25 ml or OUtS in OH 
form and eluted with 100ml of water. The eluate 
was evaporated under seduced pressure to afford 60.1 
rag of a syrup, which wu subjected to paper chromato- 
graphy in diflerent solvent systems such as phenoU 
water (95 1 5, v/v), collHine and butaaoMcetlc odd- 
water (4:1: S, v/v). In each case a spot corresponding 
to l>-glua>sc was obtained. Further, phenyl hydrcarone 
of D-glucosc obtained /torn the natural source melted 
at 206^208 4 C and gave so depression la the melting 
point raised with an authentic sample. Thus, II was 
identified as blocbaala A glucoslde. 

fmtoactwt of If. After treatment of 50 rag of II 
with 5 ml or pyridine and 3 ml of acetic anhydride 
at I00*C for 1 far, the reaction mixture was- poured 
bra 50 ml of ice-water. The resulting exude crystals 
were dissolved la 20 snl of ethyl acetate, and the 
solution was washed with saturated aqueous sodium 
bicarbonate, dried over anhydrous sodium sulfate and 
evaporated under reduced pressure to give crystal*. 
Rccrysnllil&tiOD from ethyl aeemce-hexnoe aflbeded 
43 mg of pentaaoecue of IX. Mp 204~206*C. Anal. 
Found: C, 38.76; H, 4.92. Colcd. for GnAsOux C, 
58.35; H, 4.91#. 1H ^enr': 1778, 1732, 1293, 
1258, 1223. 

AsbmUdftrnttiU. We wish to expreu our thanks 
to Mr. K. Aizawa of this Department for the mea- 
surements of IR, UV and NMR spectra. We arc also 
grateful to The Central Laboratories of Sinlyo Co., 
Ltd. lor microanalysis. 
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THE OESTROGENIC ACTIVITY OF RED CLOVER 
ISOFLAVONES AND SOME OF THEIR 
DEGRADATION PRODUCTS 

E. r WONG and D. S. r FLUX 

Plant Chemistry Division, Department of Scientific and Industrial Research, 
Palmerston North, and Massey Agricultural College, 
Palmerston North, New Zealand 

(Received 28 December 1961) 

SUMMARY 

The oestrogenic activities of the isoflavones biochanin A, genistein, 
formononetin and daidzein have been measured at three dose levels using the 
mouse uterine weight assay. The relative activities found were: genistein 
1-5, biochanin A 1-0, daidzein 0*4. Formononetin had very little or no oestro- 
genic activity. The equivalent activity of a sample of Montgomery red clover,, 
expressed in terms of biochanin A, was found to be in good agreement with 
that expected from concentrations of isoflavones determined from chemical 
analysis. A study was also made of ^-hydroxyphenylacetic acid and the 
benzyl phenyl ketones related to the four isoflavones. These are products 
of chemical degradation of the isoflavones and were thought to be possible 
metabolic products of isoflavones in animals. None of these substances were 
found to have oestrogenic activity. 



INTRODUCTION 

Oestrogenic activities of isoflavones 

The isoflavones biochanin A (I), genistein (II) and formononetin (III) are known 
to be present in red clover (Trifolium pratense) as well as in subterranean clover 
(Trifolium subterraneum) and are probably responsible for most of the oestrogenic 
activity of these pasture species (see reviews of Bradbury & White, 1954 ; Pope, 1954 ; 
Biggers, 1959). Another closely related isoflavone, daidzein (IV), previously found in 
soya bean as the glucoside, has also recently been detected in red clover and other 
forages (Guggolz, Livingston & BickofF, 1961; Wong, 1962). 




(I) R=CH a (Hi) R=CH 3 

(II) R=H (IV) R=H 
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-pared ^ ttat of 

to be somewhat more acS 2S^Z? T^J* ( 954) " ^ found ^zein 
have a slight activity IntrTt ^ hloohMlia A ' ™* formononetin to 

atavariety of dose levels. Bra^bury*^^ 

oestrogenie effect in mice at a doseof 5 4 Z* «• t * ^ da,dzein *° *»™ «> 

thatthe^trogenicactivit/oScwl^^^ 

In order to evaluate the contriW !onT^ PP : 3 ^ of 8*™st»m. 
red clover, more ace,! ?^SS£ ofthet to the ^ <>f 
in view of the findings ^ha^omononS trfTT 1^ ^ ^ 
isoflavonesmredoW^GuggSrSw A the P^ominant 

if any, of fonnononetin^oftSn^S 

parative study of the aotivitv of th« iJST L paper the result8 of a corn- 

uterine weighfbio Jay £££££ T *" ^ ^ the — 

the oestrogenie activity of a^elf St^to it J * "~ * 

Possible metabolic products of isoflavones in animals 

a metaboL. The J^TSL ^fZTSSS^ ^ ^ * 
ChemicaUyisoflavonesareeasilydeSed^ll?^ m animals * ™Wn. 
ketones (e.g. (V)). These u^iS^^SSST T^T *° 



OH 



(V) 



(VI) 



& Andrew, 1956) after -S^^SSaSTT' ^ ° f genistein ( Pie *™ 
such compounds' The oestrogemcS^ «f 7 , J° b6 ^ d " *° the forma ^ of 
the ketones (Vni)-(XI) c^Z^^^ ^ ^) «° d 

now been studied com »P ond *g *o the Koflavones (I H IV), respectively, have 




(Vm) R=CH, 
(IX) R=H 



(X) R=CH a 

(XI) R=H 
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MATERIALS 

p-Hydrozyphenylacetic acid (VII) 

This acid was prepared from ;>-methoxyphenylacetonitrile which was obtained 
from ^-methoxybenzaldehyde via the cyanhydrin by the method of Kindler & 
Peschke (1933). The nitrile (1 g.) and cone; hydriodic aoid (s.o. 1-7, 15 ml.) were 
refluxed for 4 hr., the reaction mixture diluted with water (2 vol.), treated with 
sodium metabisulphite and the resulting yellow solution extracted with equal volumes 
of ether ( x 3). The ether soluble residue was recrystallized twice in 5 ml. water 
(charcoal) to give jp-hydroxyphenylacetic aoid (360 mg.), colourless needles, m.p 
153-4° o (Found: C, 63-3; H, 5-2; O f 317. Calc. for C^O.: C, 631; H, 6-3- 0 
31-5%). 

4-Methoxybenzyl 2,4,6-trihydrozypkenyl ketone (VIII) 

This substance was obtained from phlorogluoinol and j?-methoxyphenyIaoeto- 
nitrile by the Hoesch reaction, according to Badcock, Cavill, Robertson & Whalley 
(1950). It crystallized as needles from aqueous alcohol, m.p. 197° o. 

4-Methoxybenzyl 2,4-dihydrozyphenyl ketone (X) 

This was prepared according to Baker & Eastwood (1929) from resorcinol and 
i)-methoxyphenylacetomtrile by the Hoesch reaction. It crystallized as needles 
from aqueous alcohol, m.p. 159° o (Found: C, 691; H, 5-2; OCH 8 , 121. Calc for 
C^Oa-tOCa,): C, 69-8; H, 5-5; OCH 3 , 12-0%). 

4-Hydroxybenzyl 2,4,6-trihydrozyphenyl ketone (IX) 

4-Methoxyben2yl 2,4,6-trihydroxyphenyl ketone (VHI) from above (1 g.) was 
refluxed with aluminium chloride (10 g.) in benzene (100 ml.) for 4 hr. with stirring. 
Benzene was removed under reduced pressure and ice-cold water (50 ml.) added to 
the residue followed by an equal volume of 6 sr-HCL The resulting suspension was 
extracted three times with 100 ml. portions of ether. The ether extract was evaporated 
and the residue taken up in boiling water and filtered. The filtrate on cooling deposited 
small needles, indefinite m.p. 246-5 1° o. Paper chromatography in the solvent system 
benzene-acetic acid-water (125 : 72 : 3) showed that the product contained unchanged 
starting material. Cellulose column partition chromatography with the above solvent 
system resulted in the separation of the two components. The product was recrystal- 
lized in water, yielding small needles m.p. 260°c (253-7°; Walz, 1931). 

Attempts to demethylate (VIII) to (IX) with hydriodic acid (s.g. 1-7) resulted in 
the formation of phlorogluoinol and j7-hydroxyphenylacetio acid. 

4-Hydroxybenzyl 2 t 4-dihydroxy phenyl ketone (XI) 

This was obtained from 4-methoxybenzyl 2,4-dihydroxyphenyl ketone (X) by 
demethylation with aluminium chloride in benzene as described for (IX) above. The 
product was purified by chromatography through the same partition column. It 
crystallized from water as fine needles, m.p. 191-2° c in agreement with that reported 
by Walz (1931). Treatment of (X) with hydriodic acid resulted in resorcinol and 
p-hydroxyphenylacetic acid. 
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Bioekanin A (I) 

Formononetin (III) 
Daidzein (IV) 

Formononetin (800 mg.) was refluxed with hydriodio acid (a a 1-7 lfi^n f 

Genistein (II) 

BIOASSAYS 

leavitd ttZ Pan8 °; ^ ^ ° f biochanifXtdrd "clover 

=£SStt5?3sr=F=s 

meal containing these materials was fed in the same way as that in «? ' 

(m> * or the tests for oestrogenic activity the compounds were aM^ L tK i • 
he same way as those described in (i, aboTe except 
12m e>°-Thesen^^ 
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The criterion used as an indication of the presence of oestrogenic activity was a 
statistically significant increase in the mean uterine weight of the treated mice over 
that of control mice. Transformation of data was not necessary in the tests for 
oestrogenic activity because the uterine weights of the mice differed little within or 
between groups and the actual weights could be analysed statistically. In the bio- 
assays, however, where three dose levels of each compound or clover were used and 
uterine weights were affected by the treatments, the variance increased with the 
means, making transformation of uterine weights to logarithms necessary. The rela- 
tionship of log 10 dose and log 10 uterine weight in eaoh case was linear or close to 
linear. Relative potencies were calculated according to the methods described by 
Finney (1950). 

RESULTS 

Comparison between genistein t biochanin A, daidzein t formononetin and diethylstilboestrol 
The results of the experiment in which genistein, biochanin A, formononetin and 
diethylstilboestrol were compared are shown in Table 1 and those for biochanin A 
and daidzein in Table 2. The dose rates planned were achieved for diethylstilboestrol 
and a close approximation was obtained for formononetin, but a falling off of intake 
as dose of isoflavone increased was seen with genistein and biochanin A. 

Table 1. Uterine and vaginal responses to isoflavones and diethylstilboestrol, and r 
relative potencies of biochanin A, genistein and diethylstilboestrol 







Mean 


No. of 




Total dose 


uterine 


positive 




/mouse (six 


weight 


vaginal 


Material 


mice/group) 




smears 


Controls 




5-9 ±013* 


0 


Formononetin 


3*00 mg. 


6-l±013 


0 




5-99 mg. 


6-4 + 0- 13 


0 




ll-96mg. 


6-7 + 013 


0 


Genistein 


2-99 mg. 


6-8 


0 




5-77 mg. 


12-3 


5 




11-13 mg. 


23-3 


6 


Biochanin A 


2-94 mg. 


7-0 


0 




5-90 mg. 


8-2 


4 




ll-72mg. 


H-2 


5 


Diethylstilboestrol 


0*036 fig. 


7-9 


0 




0072 /xg. 


9-7 


0 




0*1 44 jig. 


16-0 


0 



Relative activities based on uterine weight response (95% fiducial limits): genistein/biochanin A, 
1-49 (0-97-2-29); genistein/diethylstaboestrol, 13-5x10-* {10-3-17-8 x 10~«); biochanin A/diethylstilb- 
oestrol, 9*1 x 10~* (6-0-13-7 x 10~*). 

* s.e.m.'s apply to control and formononetin treated mice only. 

Formononetin did not cause significant increases in uterine weight, nor did any of 
the mice to which it was given show vaginal opening. Genistein and biochanin A 
caused increase in uterine weight, and, at the higher dose rates, caused most of the 
mice to show positive vaginal smears. Diethylstilboestrol caused increased uterine 
weights, but, at the dose levels used, no vaginal responses. The bioassays (Table 1 ) 
showed that genistein was the most potent of the isoflavones and biochanin A was 
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about two thirds as active as genistein. No valid bioassay was possible with ft™ 

Both gemstem and bioohanin A were much less active than die%Mb2ri 
rataooftheactivitiesbeingoftheorderof 1:100,000 ^y^oestrol, the 

at ffc! Jfw ? * a8 ab0Ut tw °- fiftha of «»* of biochanin A (Table 2) and 

Tabled Uterine and vaginal responses to daidzein and biochanin A, and 
potency of daidzein relative to biochanin A 



Material 
Daidzein 

. Biochanin A 



Total dose/mouse 
(nig. ; six mice/group) 

3-0 
6-0 
120 

30 
6-0 
' 12-0 



Mean uterine 
weight (mg.) 

7-7 
7-9 

7-7 
13-6 
14*4 



No. of positive 
vaginal smears 

0 
0 
1 

0 
4 
5 



Activity of daidzein relative to biochanin A, 0*39 (95% fiducial limit*, 0-2(M>>44). 

Tables. Uterine and vaginal responses to red clover and biochamn A y and 
estimated potency of red clover in terms of biochanin A 



Material 
Biochanin A 



Red clover (leaf 
and petiole) 



Total dose/mouse 
(mg. ; six mice/group) 

4-86 
9*20 
18*60 
360 
670 
1400 



Mean uterine 
weight (mg.) 

6-2 
161 
26*6 

6-5 
10*6 
17-6 



No. of positive 
vaginal smears 



0 
5 
6 

1 

1 

6 



lin^7*tltt° W 

Table 4. Uterine and vaginal responses to some isoflavone degradation products 



Material* 

(A) Controls 

4-HydroxybenzyI 2,4,6.tri- 
hydroxyphenyl ketone 

4-Hydroxybenzyl 2.4-di- 
hydroxyphenyl ketone 

p -Hydroxypheny lace tic acid 

(B) Controls 

4-Methoxy benzyl 2,4,6-tri- 
hydroxyphenyl ketone 

4-Methoxybenzyl 2,4-di- 
hydroxyphenyl ketone 



Mean uterine 
weight (mg.) 

6*6±0-13 
6*7±0-13 

7*1 ±013 

9'6±0*13 

6-1 ±0*18 
4*7 ±0*18 



No. of positive 
vaginal smears 

0 
0 

0 

0 

0 
0 



6-5±<H8 
* Total doae for each 12 mg./mouse. 
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Equivalent activity of red clover 

The results of the estimation of the oestrogenic activity of a sample of red clover 
leaves and petioles in terms of biochanin A are shown in Table 3. The activity of the 
clover was estimated as equivalent to that of 10-1 mg. biochanin A/g. dry clover. 
Positive vaginal smears were recorded for most mice fed at the highest dose rate. 

Oestrogenic activity of degradation products 

The results of the tests for oestrogenic activity of #-hydroxyphenylacetic acid and 
the benzyl phenyl ketones corresponding with geniatein, daidzein, biochanin A and 
formononetin are shown in the two parts of Table 4. None caused uterine weights to 
increase significantly over those of the control mice in the same experiment, nor did 
they cause vaginal opening. 

DISCUSSION 

In the present study formononetin was found to have little or no oestrogenic effect 
when fed to mice in total doses of up to 12 mg./mouse, this result being in accordance 
with those of Bradbury & White (1954), Pope (1954) and Biggers & Curnow (1954) with 
similar doses, given by injection. Cheng et al. (1954) who used only one dose level, 
10 mg./mouse given orally, reported a small increase in the mean uterine weight of 
treated mice over that of controls. However, the weight of the evidence suggests that 
formononetin has little or no oestrogenic effect when given by injection or orally to 
mice in doses of the order of 12 mg. or less. 

The estimates of the relative activities of genistein, biochanin A and daidzein of 
1-6: 1-0: 0-4, respectively, differ from those of Cheng et al. (1954) who reported 
daidzein to be more active than genistein or biochanin A. However, those in the 
present study, being based on more adequate bioassays.-are to be preferred. The 
relative activity of genistein and biochanin A found was in close agreement with that 
of Pope (1954). 

The 95 % fiducial limits for the activity of genistein in terms of biochanin A 
included the value of one, but as this was just within the lower limit it is unlikely 
that genistein was not the more active compound. The upper 95% fiducial limit for 
the estimate of the activity of daidzein relative to biochanin A was only 0-44, hence 
there was little doubt that daidzein was the less active compound in this bioassay. 

The estimated activity of genistein in terms of diethylstilboestrol in the present 
study was about 50% higher than that obtained earlier in the same laboratory 
(Munford & Flux, 1961) but included the lower estimate within its fiducial limits. 

The quantal information of the frequencies of positive vaginal smears was not used 
for bioassays because of the small numbers of animals involved but served to confirm 
that the isoflavones genistein and biochanin A were oestrogens or gave rise to 
oestrogens. The single positive vaginal smear for daidzein was insufficient support 
for any conclusion on this compound. As was the case with the earlier comparison 
of the activities of diethylstilboestrol and genistein by Munford & Flux (1961), it 
appears that the estimated relative activities of the oestrogenic isoflavones and 
diethylstilboestrol might be different if the occurrence of positive vaginal smears in 
mice was used instead of increase in uterine weight. 

The activity of the red clover sample found here, equivalent to a concentration of 
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5> 



5 

§ 

CD 

§ 



101 mg. bioohanin A/g. dry clover (95% fiducial limits, 7-6-13-2 mg./g.) fa in e0 od 
agreement with ^concentration of iaoflavonea aa determined from chemical anaW 
(Wong, 1962). Results for two samples of the same New Zealand Montgomery Z 
clover were 8-4 and 9-4 mg. biochanin A/g. dry clover. The concentration of formT 
nonefan was afao found to be high, but genistein and daidzein were negl&bleTv 
comparason. These results from bio- and chemical assays show that the o^ro^c 
activity of red clover could be mainly accounted for by biochanin A. They 2 

the^^^^ 

nn^r^* 7 °f ? 6 , k6t0 T aUd ^y^^enylaeetic acid shows that these are 
not the active metabolites of isoflavones. Keterse & Andrew (1956) have reported 

£S2? lg ^5r ™ t^* 1 by«fl^for 3 hr. with 2-6 % alcoholic potSm 
hydroxide and the resulting^ solution fed to mice, about a fourfold increase in oesC 

ShW, 7 r T?; < 1954 > ha * ^ evidence that treatmenTrf 

^bterranean clover 'chloroplast' with alkali yields a small amount of a substano 
with estrogenic activity at least ten times that of genistein. In view of the inactivity 

expected to be the major products formed after alkaline treatment of isoflavones the 
increase in activity found by these workers must be due to some minor prXte 
The oestrogemc activities discussed here apply to mice. The activities of the 

r "TT* 8 ^ DOt kn0WD - NU880n < 1961 > has st °™ transforma- 
tion of biochanin A to genistein occurs in rumen fluid in vitro. If this demethylation 

Zi^l 'ST fonnononetm to &™ ^d if daidzein is active in 

— nte, then the presence of large amounts of formononetin in red clover, ahhough 
not important with mice, may be significant oestrogenically in sheep. 

RirlT^l 1 reSean ? *** from th « »«Partment of Scientific and Industrial 
Research (N.Z.) by one of us (D.S.F.) is gratefully acknowledged. 
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CHAPTER 10 

Herbs for Menopause 



Herbs were humankind's first medicine and formed the basis of 
traditional healing practices for thousands of years. Their benficial 
effects were discovered slowly through trial and error. By careful 
observation, early cultures learned to recognize the healing effects 
of medicinal plants for a variety of illnesses and learned to avoid 
the use of others because of their poisonous or harmful side effects. 
In modern times many research studies in the fields of botany, 
pharmacology, and medicine have allowed us to better understand 
the beneficial effects of many plant substances. Many interesting 
medical studies have shown that the traditional body of knowledge 
about herbs was correct in assigning healing properties to many 
plants. (See the bibliography at the end of this chapter for a list of 
research studies on herbs.)* 

Herbs can be a very useful part of your nutritional program to 
prevent or help balance a variety of symptoms related to meno- 
pause. They should be thought of as a form of extended nutrition, 
providing many nutrients that are necessary for good health in the 
menopause years. For example, dulse and kelp provide valuable 
iodine for optimal thyroid function, and red raspberry leaves are a 
good source of calcium and magnesium. Plants also contain natural 
hormones and a variety of substances that help to control bleeding, 
hot flashes, anxiety, insomnia, and other common menopause 



symptoms. In the following section I will give information on 
cific herbs that can help relieve menopause symptoms. 



Herbs for Your Menopause Symptoms 

Heavy irregular menstrual bleeding. Plants that contain bioflavo- 
noids help to strengthen capillaries and prevent heavy irregular 
menstrual bleeding (menorrhagia). This is a common bleeding pat- 
tern as women approach menopause. Flavonoids are found in a 
large variety of fruits and flowers and are responsible for their 
color. Excellent sources are citrus fruits, cherry, grape, and haw- 
thorn berry. According to research studies, they have also been 
found in red clover and subterranean clover strains in Australia. 
Many medical studies of citrus bioflavonoids have demonstrated 
their usefulness in a variety of bleeding problems, besides those 
related to menopause, such as habitual spontaneous abortion and 
tuberculosis. 



Hot flashes. Many plants are good sources of estrogen, the hor- 
mone that helps to control hot flashes. Besides controlling heavy 
menstrual bleeding, bioflavonoids also have weak estrogenic activ- 
ity (1/50,000 the strength of estrogen). They are very effective in 
controlling such common menopause symptoms as hot flashes, 
anxiety, and irritability. Plants containing bioflavonoids may be' 
particularly useful for women who cannot take supplements 
because of their concern with the strong side effects of the prescrip- 
tion hormones (increased risk of stroke, cancer, etc). Other plants 
sources of estrogen and progesterone used in traditional herbology 
include dong quai, black cohosh, blue cohosh, unicorn root, false 
unicorn root, fennel, anise, sarsaparilla, and wild yam root. The 
hormonal activities of these plants have been studied in a number 
of interesting research studies. 

Plants may also form the basis for the production of medical hor- 
mones. Many common plants such as soy beans and yams contain 
a preformed steroidal nucleus. Estrogen and progesterone can be 
synthesized from plants in relatively few steps and have allowed 
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sex hormones to become available commercially at a reasonable 
cost. 

Menopause anxiety, irritability, ami insomnia. Women with meno- 
pause anxiety, irritability, and insomnia have a number of herbal 
remedies to choose from for relief of their symptoms. Herbs such 
as passionflower and valerian root have a significant calming and 
restful effect on the central nervous system. Passionflower has 
been found to elevate levels of the neurotransmitter serotonin. Sero- 
tonin is synthesized from tryptophan, an essential amino acid that 
has been found in numerous medical studies to initiate sleep and 
decrease awakening. Valerian root has been used extensively in 
traditional herbology as a sleep inducer. It is used widely in Europe 
as an effective treatment for insomnia. Research studies have con- 
firmed both the sedative effect of valerian root and its effectiveness 
as a means to treat insomnia. For women with menopause insom- 
nia, valerian root can be a real blessing. I have used it with patients 
for the past fourteen years and noted much symptom relief. Other 
effective herbal treatments include camomile, hops, catnip, and 
peppermint teas. I have used all of them in my practice and many 
pleased patients have commented on their effectiveness. 

Menopause fatigue and depression. For women with menopause 
fatigue and depression, herbs such as oat straw, ginger, cayenne 
pepper, dandelion root, Siberian ginseng (eleutherococcus), and 
blessed thistle may have a stimulatory effect, improving energy 
and vitality. Women who use these herbs may note an increased 
ability to handle stress, as well as improved physical and mental 
capabilities. Some of the salutory effects may be due to the high 
levels of the essential nutrients contained in herbs. For example, 
dandelion root contains magnesium, potassium, and vitamin E, 
while cayenne has high levels of magnesium and bioflavonoids. 
These are essential nutrients that have been found to help relieve 
menopause fatigue, depression, and hot flashes in a number of 
research studies. Siberian ginseng, ginger, and licorice root have 
been important traditional medicines in China and other countries 
for thousands of years. They have been reputed to increase longev- 
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ity and decrease fatigue and weakness. These herbs have been 
used to boost immunity and to strengthen the cardiovascular sys- 
tem. In modern China, Japan, and other countries there has been 
much interest in the pharmacological effects of these traditional 
herbs. Scientific studies are corroborating the important medicinal 
effects of these plants. Oat straw has been found in research stud- 
ies to relieve fatigue and weakness, particularly when there is an 
emotional component. 

Menopause urinary trad symptoms. Many herbs appear to have an 
ability to soothe, relieve irritation and reduce infection in the uri- 
nary tract, including goldenseal, uva ursi, blackberry root, and 
vvintergreen. Research studies suggest that the plant coleus for- 
skohlii also decreases urinary tract pain and discomfort. The uri- 
nary tract is a particularly vulnerable area in women during the 
menopause years and beyond because the lack of hormonal sup- 
port causes the tissues to become more delicate and easily trauma- 
tized. Goldenseal contains berberine, an alkaloid with antibiotic 
activity, while uva ursi contains arbutin, a urinary diuretic and 
anti-infective agent. Coleus forskohlii contains forskolin, an anti- 
spasmodic which can relieve painful urination as well as menstrual 
cramps and intestinal colic. 

Menopause and sexual frigidity. Herbs have also been popular 
treatments for the relief of sexual frigidity and impotence. Many 
cultures hold certain plants in high esteem for their aphrodisiac 
properties. On closer inspection, some of these plants, like Spanish 
fly or nutmeg, have been found to be genitourinary irritants, rather 
than sexual stimulants. Traditional Indian medicine considers a 
number of plants such as saffron crocus and priya-darsa to have 
extraordinary aphrodisiac powers. Yohimbe, a plant aphrodisiac, is 
the base of several drugs currently prescribed to treat impotence. 

Menopause Herbal Formulas 

I have used herbs in my medical practice for years as a form of 
extended nutrition for menopause. They are an effective means of 
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balancing the diet and optimizing the nutritional intake. There are 
three herbal formulas that I use to provide optimal nutritional sup- 
port for women suffering from menopause-related complaints 
Formula I can be used by women with general menopause com- 
plaints such as hot flashes and vaginal dryness due to hormonal 
deficiency. Formula II is very helpful for women with menopause- 
related fatigue, debility, and weakness. Formula III can be used bv 
women with menopause-related anxiety, irritability, and insomnia 
Formu a I is the basic herbal formula for menopausal women For- ' 
mulas II and III should also be used if you have the symptoms for 
which are applicable. y 

JS? 1 ° an bG ° rdered by mail throu S h the Menopause 

Self Help Center (see coupon at the back of the book). Formula I is 

also widely available in health food stores through Schiff Products 



Herbal Formula I: 



Herbal Formula II: 



Herbal Formula III: 



Blue Cohosh 
False Unicorn Root 
Fennel 
Anise 

Blessed Thistle 
Ginger 

Cayenne Pepper 

Siberian Ginseng 

(eleutherococcus) 

Valerian root 

Catnip 

Camomile 

Hops 

Red raspberry leaf 



The herbs should be used in small amounts and taken with your 
meals either m capsule form or in a tea. If you prefer to make a tea, 
simp y empty the capsule into a cup of boiling water and let it steep 
for a few minutes. Do not drink more than one or two cups of the 
tea per day, r 

All foods have the potential for causing distress in some people, 
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and herbs are no exception. They should be discontinued immedi- 
ately if you notice nausea, vomiting, or diarrhea upon using. These 
are the most common symptoms of intolerance. The herbs in my 
formulas are all recommended as being safe for human consump- 
tion, but some women seem to have a specific intolerance for var- 
ious foods, including herbs. If you notice any symptoms that make 
you uncomfortable after using the herbs, discontinue them 
immediately. 

Herbs for Menopause and Female Health Problems 



Symptoms 
Menorrhagia 



Menopause hot flashes, 
Vasomotor symptoms 



Menopause insomnia and 
anxiety 



Herbal Treatments 

Shepherd's purse 
Hawthorn berry 
Cherry 
Grape skin 
Bilberry 
Red clover 

Dong quai 
Black cohosh 
Blue cohosh 
Unicorn root 
False unicorn root 
Fennel 
Sarsaparilla 
Red clover 
Wild yam root 

Valerian root 

Passion flower 

Peppermint 

Catnip 

Camomile 

Hops 
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Menopause fatigue, 
tiredness, and depression 



Menopause bladder and 
lower urinary tract symptoms 

Osteoporosis 
Hypothyroidism 

Breast lumps and tenderness 



Oat straw 
Ginger 

Cayenne pepper 
Dandelion root 
Siberian ginseng 
Blessed thistle 

Coleus forskohlii (pain) 
Goldenseal (infections) 
Uva ursi (infections) 
Blackberry root (infections) 
VVintergreen 

Red raspberry leaf 
Comfrey 

Irish moss 

Kelp 

Dulse 

Sarsaparilla 

Alfalfa 
Kelp 

Poke root poultices 



Plants Used as Starting Materials for Commercial 
Hormone Synthesis 



Plant Source 

Soybean 
Caiabas bean 
Yeast 

Cereal grains 

Yams 

Sisal 



Preformed Steroidal Nucleus 

Stigmasterol 

Stigmasterol 

Ergosterol 

B-SitosteroJ 

Diosgenin 

Hecogenin 
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Urinary excretion of iignans and isoflavonoid phytoestrogens 
in Japanese men and women consuming 
a traditional Japanese diet 1-4 
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Takeshi Hasegawa, and Hiroji Okada 



ABSTRACT Epidemiologic studies revealed low mortality 
in hormone-dependent cancer in Japanese women and men 
consuming a traditional diet We previously found that certain 
diphenolic food components, Iignans and isoflavonoids, which 
are converted to biologically active hormone-like substances by 
intestinal microflora, may be cancer-protective agents. Therefore, 
we studied urinary excretion of these compounds (enterolactone, 
enterodiol, daidzein, equbl, and 0-desmethylangolensin) in 10 
women and 9 men in a rural village south of Kyoto, Japan. The 
subjects consumed a typical low-fat diet with much rice and soy 
products, fish, and vegetables. An isotope-dilution gas chro- 
matographic-mass spectrometric method was used for the assays. 
The urinary excretion of Iignans was low but that of the isofia- 
vonoids was very high. The excretion of isoflavonoids correlated 
with soybean-product intake. The low mortality in breast and 
prostate cancer of Japanese women and men, respectively, may 
be due to the high intake of soybean products. Am J Clin 
Wu/r 1991;54:1093-1100. 

KEY WORDS Japanese, diet, urine, Iignans, isoflavonoids, 
enterolactone, enterodiol, daidzein, equol, genistein, O-des- 
methylangolensin, soybean, gas chromatography, mass spec- 
trometry, sex-hormone-binding globulin 

Introduction 

Mammalian Iignans and isoflavonoid phytoestrogens, occur- 
ring in all studied animal and human biological fluids and in 
feces, are diphenolic compounds with molecular weights similar 
to those of steroid estrogens (1-3). Precursors in plants seem to 
occur as glycosides (4, 5), and the mammalian compounds are 
produced from plant Iignans and isoflavonoids by intestinal mi- 
croflora (6-8). Most of the original plant aglycones, such as for- 
mononetin, matairesinoi, and secoisolariciresinol, occur only in 
very low concentrations in urine (9, 10). All compounds inves- 
tigated so far are weakly estrogenic but have shown many other 
biological activities, producing antiestrogenic (1-3); antiviral (1 1, 
12); and antiproliferative, cytotoxic, and growth-inhibiting effects 
(3, 13-15). Studies indicate that they most likely stimulate the 
production of sex-hormone-binding globulin (SHBG) in the liver 
(2, 14-18) and may in this way significantly influence biological 
activity of the sex hormones. The higher SHBG values seen in 



vegetarians (2, 17-19) are probably due to the effect of these 
diphenolic compounds on liver synthesis of the protein (14). 
Studies in both young and old women with breast cancer and 
in various dietary groups indicate that urinary excretion of these 
compounds is highest in vegetarians and lower in omnivores 
and breast-cancer patients (2, 18, 20). It was shown that their 
urinary excretion correlates with the intake of fiber-rich food (2, 
17, 18). 

Japanese women and women of Japanese origin in Hawaii 
consuming a diet similar to the original traditional Japanese diet 
have low breast-cancer incidence and mortality (21-24). Simi- 
larly, Japanese men have low mortality with prostate cancer, 
although autopsy studies have foun4that the incidence of pros- 
tate cancer in Japanese and Western men are similar (25-27). 
These cancers are sex-hormone dependent and could potentially 
be influenced both by alterations of sex-hormone metabolism 
caused by Iignans and isoflavonoids or by a direct effect of these 
compounds on their growth. Because of the associations between 
diet and these diseases, we decided to study the urinary excretion 
of Iignans and isoflavonoid phytoestrogens in groups of Japanese 
men and women consuming a traditional diet. A preliminary 
report was published as an abstract (28). 

Subjects and methods 

Participants 

The subjects participating in this investigation were apparently 
healthy and were recruited in a small rural village south of Kyoto, 
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Japan. Two of the women were found to have hypertension 
(blood pressure 146/96 and 180/100, respectively). Most of the 
participants were farmers cultivating tea and rice. Originally 10 
men and 10 women volunteered for the study, but I man was 
dropped because his urine volume was not known. Their main 
work was in agriculture and they consumed mainly their own 
products. The ages of the men and women were 50.4 ± 18.0 
and 46.8 ± 1 1.5 y, respectively. Height, weight, and body mass 
index [BMI, in weight (kg)/height (mfl were, respectively, 160.8 
± 7.8 cm, 58.6 ± 5.8 kg, and 22.7 ± 2.3 for men and 1511 
± 6.5 cm, 52.9 ± 7.2 kg, and 22.6 ± 3.5 for women. All subjects 
were within 15% of normal weight. 

Collection of samples 

Urine was collected for 48 h in plastic bottles containing 2 g 
ascorbic acid. The bottle was kept in a cool place during collec- 
tion. The urine was mixed and measured and a sample was 
frozen as soon as possible and transported to Finland in dry ice 
for analysis. 

Dietary data 

The study was carried out in October 1985. Before the survey 
a nutritionist explained how to weigh the food components and 
how to write down the results on a form. Most of the food was 
weighed. Some food, such as bread and milk, was recorded as 
a piece of bread or cup of milk and the nutritionist estimated 
the weight of these food items afterwards. Food intake was re- 
corded for 3 d and the nutritionist followed all subjects every 
day during the survey period. Calculation of the food data was 
made by an experienced nutritionist using the Standard Tables 
of Food Composition in Japan (29); for fiber calculations the 
Food Composition Tables of Dietary Fibers, Minerals, Choles- 
terol Fatty Acids was used (30). The amount of soy sauce in 
the diet was calculated from the total sodium chloride content 
of the urine. According to earlier studies Japanese obtain 25.8% 
of their sodium chloride from soy sauce (3 1 ). Soy sauce contains 
15% Nad The consumption of soy sauce is estimated by using 
the following formula: 

Soy sauce = (amount of NaCl in urine) X 0.258/0.15 

This is the traditional way to estimate soy sauce consumption, 
in Japanese subjects because they do not add any other salt to 
their food. It is an estimate and not an exact figure and the 
values were not included in the correlation analyses. 

Analytical method 

The trivial and systematic names of the compounds measured 
and discussed are as follows [structures were shown previously 
(3)]: enterolactone (Enl), trans- 2,3-bisI(3-hydroxyphenyl)methyl]- 
7-butyroIactone; enterodiol (End), 2,3-6£yf(3-hydroxyphenyl)- 
methylj-butane- 1 ,4-diol; daidzein (Da), 4',7-dihydroxyisoflavone; 
equol (Eq), 4^7-dihydroxyisoflavan; Odesmethylangolensin {6- 
DmaX K2,4^ydroxytfiOTyl)^ 

The method used was a modification of a method for deter- 
mining the estrogen profile in urine by ion-exchange chroma- 
tography and capillary gas chromatography-mass spectrometry 
in the selected ion-monitoring mode (GC-MS-SIM, or GC/MS) 
(32-34). Originally, estrogens also were determined but because 
of very low concentrations of some fractions, the amount of 
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urine saved for the purpose was too small and the analyses could 
not be repeated. Therefore, only the lignan and isoflavonoid 
values are presented. Only modifications of the method are de- 
scribed. 

Protection of the carbonyl functions by ethoximation (nec- 
essary only for the estrogens), and extraction with a Sep-Pak C, a 
cartridge (Waters Associates, Milford, MA) were carried out as 
described (33, 34). The removal of inhibitors of the enzyme 
hydrolysis by ion-exchange chromatography on a DEAE-Seph- 
adex (Pharmacia Fine Chemicals, Uppsala, Sweden) column in 
the acetate form was done in a smaller column (0.5 X 3 cm 
instead of 0.5 X 5 cm). For hydrolysis and purification of the 
hydrolysate, before evaporation of the last fraction obtained from 
the above DEAE-Sephadex column, the following deuterated 
internal standards were added to the eluate: oVEnl and -End 
d>Da and -Eq, and d 5 -0-Dma (35, 36). This was followed by 
hydrolysis and Sep-Pak extraction; application of the methanolic 
extract directly on the QAE-Sephadex A-25 in the acetate form 
(0.5 X 5 cm); and elution of the estrogens, lignans, and Eq with 
4 mL methanol as described. The modification in this step is 
that 0-Dma and Da are eluted after this with 4 mL 0.2 mol 
acetic acid/L in. methanol. This fraction is then, after evaporation 
of the solvent, ready for derivatization (trimethylsilyl ethers) and 
GC/MS. Selective fractionation of estrogens with vicinal cis- 
hydroxyls was carried out in a borate column with new dimen- 
sion (0.5 X 3 cm instead of 0.5 X 2.5 cm). Elution of the di- 
phenols was carried out as described and this fraction contains 
the isoflavan Eq and the two lignans Ent and End. 

The two fractions containing lignans and isoflavonoid phy- 
toestrogens and their deuterated internal standards are converted 
to their trimethylsilyl ether (TMS) derivatives (32) and quantified 
by GC/MS by using the following ion pairs (mass/charge)* Eq 
386/390; Da, 398/402 (and 383/387); End, 410/416; Enl, 442/ 
448; and O-Dma, 459/464 (36). The measurements were carried 
out with a Hewlett-Packard 5995 B GC/MS (Avondale, PA) 
instrument equipped with a Pascal work station and with an 
automatic injector. 

Urinary excretion of < 0.0025 ^mol/d cannot be measured, 
and between 0.0025 and 0.005 /xmol/d the method must be 
regarded as semiquantitative. The mean values and interassay 
imprecision for the control pooled-urine sample, measured 59 
times in single assays during I y, were as follows: Enl, 3.65 /imol/d 
(C V 7.4%); End, 0.364 M mol/d (CV 1 1 .6%); and Eq, 0.042 M mol/ 
d (CV 9.4%). For Da at a concentration of 0.028 /imol/d, the 
interassay imprecision is 1 1.0% (n = 14) and for O-Dma at the 
high concentrations in this study, the interassay imprecision is 
8-10% (CV). 

The samples were analyzed in two batches and the values for 
the control sample were almost identical both times and the 
same as in analyses before and after these two batches. 

Statistical methods 

The food data are presented as arithmetic means (±SD) and 
the lignan and phytoestrogen results as arithmetic means (±SD) 
and geometric means. Geometric means were used when nec- 
essary because of skewness of the distribution of the results. The 
statistical analyses were carried out by using the StatView pro- 
gram for Macintosh (Abacus Concepts, Berkeley, CA). The de- 
gree of univariate associations between two variables were es- 
timated as Pearson's correlation coefficients (r). The pairs of 
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TABLE I 

Intake of various food stuns by the Japanese women and men 
consumi ng a traditional Japanese diet • 
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TABLE 3 

Dietary intake of soy products by the two groups studied* 





women 


Men 




(n = 10) 


(n = 9) 






g/a 


Rice 


578.5 ± 222.5 


764.7 ± 240.3 


Wheat 


59.5 ±46.0 


139.0 ± 113.6 


Potato 


62.6 ± 30.2 


55.2 ± 34.6 


Sugar 


8.1 ±7.0 


8.1 ±7.4 


Fats 


13.1 ±7.6 


12.7 ±6.9 


Pulses and beans 


56.5 ± 36.0 


40.9 ± 32.0 


Fruit 


228.2 ± III. 9 


146.9 ± 1 14.0 


Green and yellow vegetables 


60.6 ± 33.3 


55.7 ± 35.2 


Other vegetables 


139.3 ±69.3 


130.9 ± 77.2 


Pickles 


32.9 ±24.9 


23.2 ±21.2 


Algae 


1.8 ±2.0 


0.7 ±0.7 


Fish 


98.7 ± 46.6 


113.6 ±56.5 


Meat 


37.0 ±30.1 


73.6 ± 58.4 


Eggs 


38.4 ± 16.6 


57.4 ± 30.6 


Milk 


1 12.7 ± 131.0 


90.9 ± 90.2 


Beer 


5.1 ±16.1 


454.6 ± 647.1 



♦Jc±SD. 

adjusted group means for the two groups studied (women and 
men) were compared by nonpaired t test. 

Results 

The intake of various types of food are shown in Table 1, and 
Table 2 shows the results of the calculations with regard to energy; 

TABLE 2 

Energy intake, intake of various nutrients, and some ratios in the two 
study groups* 





Women 


Men 


Nutrient 


(n = 10) 


(n-9) 


Energy 






(MJ/d) 


8.29 ± 1.64 


10.79 ± 3.48 


(kcal/d) 


1973 ± 391 


2569 ± 829 


Animal protein (g/d) 


35.3 + 13.9 


47.8 ± 18.9 


Vegetable protein (g/d) 


38.2 ±10.1 


45.1 ± 10.6 


Total protein (g/d) 


73.6 ± 12.2 


93.0 ± 28.4 


Carbohydrates (g/d) 


31 1.4 ±77.0 


383.3 ± 100.6 


Total fat (g/d) 


44.4 ± 14.4 


51.0 ±25.9 


Total aber (g/d) 


16.9 ±4.9 


15.3 ± 6.0 


Animal protein (%)t 


47.2 ± 15.9 


49.8 ± 7.9 


Proteins (%)* 


15.2 ±2.1 


14,6 ± 1.5 


Carbohydrates (%)f 


64.6 ± 6.8 


68.2 ±5.1 


Fats(%)t 


20.3 ± 5.5 


i7.2±4.9 


Pat (g/kgbody wt) 


0.86 ±0.31 


0.85 ± 0.37 


Fiber 






(mg/J) 


2.1 ±0.7 


1.5 ±0.7 


(g/lOOOkcal) 


8.8 ± 3.0 


6.4 ± 3.0 


Fiber (g/kg body wt) 


0,33 ±0.10 


0.26 ±0.09 


Fat-fiber ratio 


2.5 ± 0.9 


2.4 ±0.9 



•*±SD. 

t Percent of total protein. 
t Percent of energy. 



Soy product 



Women 

(n - 10) 



Men 

(n = 9] 



g/d 



Tofu (soybean curd) 


25.0 


± 


22.9 


18.7 


±21 


Miso (bean paste) 


12.5 


± 


6.2 


8.5 


±6. 


Aburaage (fried thin tofu) 


2.6 


± 


3.6 


3.7 


±4. 


Atuage (fried thick tofu) 


4.0 


± 


12.7 


0.8 


±2. 


Koridofu (dried soybean curd) 


0.37 


± 


0.78 


0.07 


±0. 


Fermented soybeans 


2.4 


± 


4.5 


0.9 


±2. 


Boiled beans 


7.7 


± 


17.8 


6.5 


±7. 


Soy sauce 


22.9 


± 


6.1 


19.2 


±4. 


Soy products (sauce excluded) 


54.4 


± 


34.3 


39.2 


±3( 



•jc±SD. 



animal and vegetable protein; total proteins, carbohydrates, fa 
and fiber; percentage animal protein and percentage protei 
and carbohydrate, and fat as percent of total calories. Furthe 
more, we calculated the fat intake per kilogram body weigl 
fiber intake per J (per 1000 kcal), and the fat-fiber ratio (Tat 
2). The diet was a low-fat (fat 17.2% and 20.3% of total calori 
for men and women, respectively), low-animal-protein diet wi 
moderate amounts of fiber and a low fat-fiber ratio, which 
typical for the traditional Japanese diet (37). 

Table 3 shows the dietary intake of soy products, which we 
expected to be the most important source of precursors for tl 
urinary isoflavonoids (3). 

Table 4 shows the mean excretion values for the two ligna) 
and three isoflavonoid phytoestrogens. The results show a n 
atively low excretion of enterolactone, a normal excretion fi 
enterodiol, and a very high excretion of isoflavonoid phytoe 
trpgens. The individual results showed large variation, partici 
lariy for equol (from 0 to 10.95 /imol/d). For comparison no 
that the geometric mean values in young omnivorous worm 
living in Helsinki and in Boston for enterolactone, enterodic 
daidzein, equol, and 0-desmethyl-angolensin were 2.46, 0.2* 
0.22, 0.10, 0.03, and 2.05, 0.28, 0.32, 0.07, and 0.03 jimol/. 
respectively (2). 



TABLE 4 

Urinary excretion of lignans and isoflavonoid phytoestrogens in 
Japanese women and men consuming traditional Japanese diet* 



Compound 



Women 
(n - 10) 



Men 
(n — 9) 



Enterolactone 
Enterodiol 
Total lignans 
Daidzein 
Equol 

O^desmethylangolensin 
Total isoflavonoids 
Total diphenols 



1.4 ± 1.4(0.89) 
0.7 ± 1.3(0.41) 
2.1 ±2.6(1.38) 
2.6 ± 4.0 (2.55) 
2.6 ±4.0 (0.56) 
0.7 + 0.6 (0.51) 
6.9 ±6.8 (4.73) 
9.1 ±9.3(6.7) 



1.1 ±0 
0.4 ± 0 
1,5 ±0, 

2.2 ± 2. 
3.0 ±4 
0.2 ±0 
3.9 ± 3 
5.4 ±4 



.7 (0.8! 
.3 (0.2: 

,9(u; 
.0(1.4: 

.6 (0.5' 
.3(0.11 
3(2.5: 
0(4.1) 



•jc±SD (geometric x). 
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Table 5 presents a correlation matrix of various food com- 
ponents and urinary excretion of lignans and isoflavonoids in 
the total materia] of 19 subjects for whom both food and phy- 
toestrogen data were available. 

Discussion 

In a previous study of oriental immigrant women from south- 
east Asia residing in Hawaii (38), the diet was similar to that 
consumed by the men and women in the rural village in Japan 
In the present study the women had a greater energy intake (an 
additional -2. 1 MJ/d, or 500 kcal/d), which may be due to a 
physically more active life. However, the percentage intake of 
calories as fet and the dietary fiber and fat-fiber ratio were very 
similar to the corresponding values in the previous study. Except 
for the energy intake the values are very different from those 
seen in Western societies where the fiber intake is arnilar but 
the fat-fiber ratio is much higher. Women living in the Boston 
area had a fat-fiber ratio of 7.7 for the premenopausal women 
and 4.6 for the postmenopausal women compared with 2.5 for 
the women in the present study (39). 

With regard to protein intake, expressed as g/d and as per- 
centage of calories, the mean values in the present study were 
similar and slightly lower, respectively, than those of the im- 
migrants from southwest Asia (38). 

Our results are in good agreement with those from an earlier 
study of 300 female agricultural workers from 18 regions in 
Japan (37) except for dietary fiber intake, which was much lower 
(between 5 and 6 g/d) in the women in the earlier study (which 
may represent crude fiber intake). However, according to the 
national nutrition survey in Japan, the dietary fiber intake was 
22.8 g/d in 1 95 1 and decreased year by year to 1 7,4 g/d in 1 985. 
These figures are in better agreement with our results obtained 
m 1985, which show a mean dietary fiber intake in the whole 
group of - 16 g/d. This latter value is also in good agreement 
with the value of 13 g/d for nonstarch polysaccharides found by 
analyses of the Japanese diet in another study (40). On the basis 
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of these investigations and the present investigation, it may be 
concluded that the amount of dietary fiber in a traditional ori- 
ental diet is comparable with that in many Western societies 
(38-40). We may also conclude that the diet of our subjects was 
typical for a rural area, where the people to a large extent con- 
sume their own products and have a traditional Japanese diet 
The urinary excretion of Enl was, with few exceptions, low 
in both men and women (Tables 4 and I A) and was the same 
as found for the postmenopausal breast-cancer patients in Boston 
(20). We found a weak correlation between intake of green and 
yellow vegetables and excretion of Enl and total lignans (Table 
5) but no correlation with rice intake. Because these subjects 
consumed large amounts of rice, it seems justified to conclude 
that refined rice contains very low amounts, if any, of lignan 
precursors. There was a better correlation with the intake of 
soybeans, which thus also may be a source of Enl precursors 
(Table 5). It is known that soy sauce contains coniferyl alcohol 
the building block for lignans and lignin (41). The excretion of 
the lignan End was also found to be associated with the intake 
of beans and pulses and soy products in general (Table 5). 

The excretion of the isoflavonoid phytoestrogens is very high 
in these Japanese men and women compared with values ob- 
tained in women living in Boston (2, 20) and in the Helsinki 
area (2, 18). The Japanese women in the present study excrete 
10 times more Da and 20-30 times more Eq and O^Dma than 
did omnivorous and lactovegetarian women living in the above- 
mentioned two cities. Of the 19 subjects, 47% and 89% excrete 
micromole amounts of Eq and Da per day, respectively, a phe- 
nomenon very rarely seen in subjects consuming a Western diet 
but seen in subjects consuming a niacrobiotic diet (2). The values 
in an additional study group of nine subjects, including three 
children (see Appendix A), were not significantly different from 
those in the two main groups (Tables 4 and 1A); they were in 
fact surprisingly identical. The excretion of matairesinol, the 
precursor lignan for enterodiol, was very low, but genistein ex- 
cretion was very high. Genistein is the center of interest in many 
laboratories because of its very interesting antiproliferative and 



TABLE 5 



Correlation matrix of various food components and urinary excretion of ligans and isoflavonoids in the whole material (* - 19) 



Total 



Nutricnt Enterolactone Enterodiol limans Daidzein F„., rt i on™_u... . J 0taJ . . TotaJ 



t^<0.0l. 
J0.05 <P<QAQ. 
§/>< 0.001. 



Green and yellow 

vegetables 
Pulses and beans 
Algae 
Total fat 
Percent fat 


0.525* 


0.541* 


0.460* 
0.492* 


0.679t 
0.561* 


0.737f 
0.584 1 


i^uesrneinyiangoiensin 
0.6l7f 


isoflavonoids 

0.668 f 
0.450$ 


diphenols 

0.693f 
0.430* 


calories 
Fat-fiber ratio 
Meat 

Soy products 
(not sauce) 
Boiled soybeans 


0.758§ 


0.481* 

0.892 § 


0.849§ 


0.5«3f 
0.632 f 


0.469* 
0,507* 
0.507* 

0.746§ 
0.693§ 


0.601 f 


0.585 f 
0.757§ 


0.588 1 
0.801 § 



DIET AND PHYTOESTROGENS IN JAPANESE 



1097 



antimitogenic effects (see below); genistein showed the highest 
concentration of all phytoestrogens in urine in these nine sub- 
jects. The mean value was almost 6 pmol/d and a value as high 
as 1S.5 /imol/d was observed. Also in this smaller group most 
variation in the excretion values was found for Eq (from 0.0 1 
to 9.16 Mmol/d). In 21.4% of all subjects, equol excretion did 
not significantly differ from zero: this group included two of the 
three children; the mother of these two children did not excrete 
equol in significant amounts. 

The tow excretion of Enl in the Japanese subjects compared, 
eg, with Finnish women (2), is most likely due to low intake of 
grain (whole-grain) products such as bread (2, 17, 18, 42, 43). 
The precursors of the mammalian lignans seem to be located 
in the aleuronic layer of the grain close to the fiber (IS) but 
definite evidence for this location has not yet been obtained. 
The mean End values are similar to those observed in lactovege- 
tarian American and Finnish women and higher than in the 
omnivorous women from the same countries (2, 20). It is likely 
that the majority of the lignans in these Japanese subjects is 
derived from nongrain plant products (pulses and beans), as 
suggested by the correlations found in Table 5. 

Eq excretion correlated positively with the intake of total fat 
(P < 0.01), fat-fiber ratio (P < 0.05), and meat (P < 0.05) and 
deviated in this aspect from all the other isoflavonoids. Some 
subjects are not able to produce Eq at all, as also shown previously 
for nonJapanese subjects (44). It is possible that<those consuming 
more fat and meat have an intestinal flora more capable of pro- 
ducing Eq from Da, known to occur in large amounts in soybeans 
(45). Algae may also be a source of isoflavonoids because a pos- 
itive correlation was found with Da (r « 0.56; P < 0.05) and 
total isoflavonoids (r - 0.45; 0.05 < P < 0.10, NS). Algae were 
suggested to contain factors protective against breast cancer (46).. 

Lignans and bioflavonoids are candidates for a role as cancer- 
protective agents (2, 1 4- 16) and as steroid competitors for various 
enzymes (47). Enl inhibits the aromatase enzyme and competes 
with the natural substrate androstenedione for the binding site 
on the cytochrome P450 enzyme (H Adlercreutz, C Bannwart, 
LE Vickery, et al, unpublished observations, 1985). Phytoestro- 
gens and lignans (48; H Adlercreutz, Y Mousavi, J Clark, et al t 
unpublished observation, 1987) show interaction with estrogen 
receptors and flavonoids have antiproliferative effects on the 
human-breast-carcinoma cell line ZR-75-1 (49). Genistein is a 
very specific inhibitor of the tyrosine-specific protein kinases 
(5(M5)and platelet-activating-factor-stimulated platelet aggre- 
gation, phospholipase C, and tyrosine kinase activity (56). Ty- 
rosine kinase is an important mediator of the effects of some 
biologically important growth factors such as epidermal growth 
factor, insulin, platelet-derived growth factor, and insulin-like 
growth factor on cells. The flavonoids and lignans bind to the 
type II estrogen-binding sites ( 1 5, 57), now also called the biofla- 
vonoid receptor (47, 58), and may in this way regulate by in- 
hibition cell growth and proliferation of hormone-dependent 
cancers (58). Enzymes metabolizing bioflavonoids and steroids 
show structurally close similarity (47), indicating that they have 
the same origin. Furthermore, the isoflavonoid coumestrol 
complements, as does estradiol, the topography of spaces between 
base pairs in unwound DNA and simultaneously hydrogen-bond 
phosphate moieties on opposite strands (59). 

One of the most important biological effects of the lignans 
and isoflavonoids seems to be their stimulation of SHBG syn- 



thesis in the liver (2, 14, 16-18). A high SHBG concentration 
leads to decreased metabolic clearance rate for the sex hormones 
and lower biological activity. However, Japanese and British 
women were found to have the same SHBG total-binding ca- 
pacity, even though Japanese women bound relatively more es- 
tradiol to SHBG. This was suggested to be a result of lower 
affinity of albumin for estradiol in these women (60). It is possible 
that the phytoestrogens in the high amounts occurring in Jap- 
anese women could compete with estradiol for the albumin- 
binding sites and in this way lead to relatively more binding to 
SHBG. 

SHBG concentrations tend to be lower in breast-cancer pa- 
tients, particularly in postmenopausal women, and this seems 
at least partly to be due to diet (15). SHBG-binding capacity 
was significantly smaller in postmenopausal but not in pre- 
menopausal Japanese subjects with breast cancer compared with 
Japanese control subjects (61), agreeing with our own more re- 
cent results in American postmenopausal (43) women. Finnish 
premenopausal women with breast cancer did not differ in this 
respect from omnivorous control subjects but they had lower 
SHBG than did lactovegetarian women (18). Diet seems to be 
a much more important risk factor for postmenopausal than for 
premenopausal breast cancer ( 1 5). Miso (Japanese soybean paste) 
(62) or powdered soybean chips (63) (both before and alter de- 
naturation of the protease inhibitors) showed a tendency to de- 
crease mammary-tumor formation and growth rate in rat breast- 
cancer models and soybean diet also reduced breast-tumor in- 
cidence in irradiated rats (64). This agrees with the slower average 
growth rate of postmenopausal breast cancers in Japanese com- 
pared with Caucasian women in Hawaii (65). 

The high concentration of phytoestrogens in the urine of Jap- 
anese men could be protective with regard to prostate cancer. 
Both lignans and isoflavonoids have estrogenic effects in nu- 
merous biological systems and may, because of this property, 
inhibit development of prostatic cancer. It is well known that 
in Japan and some other Asian countries, despite the same in- 
cidence of latent small or noninfiltrative prostatic carcinomas 
as in Western societies, the mortality is low (25-27). The high 
exogenous phytoestrogen concentrations could inhibit the growth 
of the latent carcinomas, postponing their development and 
making it more likely that the subjects die from some other 
disease (theory proposed in 1985) (66). Furthermore, the inhib- 
itory effect of genistein on tyrosine-specific protein kinases of 
certain growth-factor receptors could play an important role. 
Decreased risk of prostate cancer is seen in Seventh-day Adventist 
men (67) consuming much beans, lentils, and peas and some 
dried fruits (rich sources of bioflavonoids) and in men of Japanese 
ancestry in Hawaii consuming much rice (mainly starch, which 
has some fiber-like effects in the gut) and tofu (68), supporting 
the view that these compounds are protective. Recently, SanttTs 
group in Turku, Finland, in a collaborative study with us, ob- 
served that dietary soy prevented the development of precan- 
cerous changes in a neonatally estrogen ized mouse used as a 
model for prostatic cancer (69), showing that dietary factors may 
already be important in the fetal and neonatal periods. This 
study and our observation of high phytoestrogen excretion in 
urine of children is important because they suggest that these 
compounds may change the endocrine milieu at the cellular 
level both in the neonatal period and in prepubertal and ado- 
lescent children. Thus, the results cited above and discussed more 
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extensively elsewhere ( 14, 1 5) speak for a role of the diphenols 
as cancer-protective substances. 

It is concluded that Japanese subjects excrete very large 
amounts of isoflavonoids in urine, mainly genistein, daidzein, 
and equol, and that the lignan excretion is low. The high excre^ 
tion of isoflavonoids in urine is related to the intake of soy prod- 
ucts in the traditional Japanese diet 0 

We thank Anja Koskela (analytical work) and Sirkka Adlercreutz (mass 
spectrometry) for skillful technical assistance. 
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APPENDIX A 

Additional experiments with a modification of the 
method 

The method used in this study was modified further by in- 
cluding the determination of the plant lignan matairesinol [(3R- 
rr^-dhydro.3,4-6/j{(4-hydroxy-3-methoxy-phenyI)methyl]- 
2(3H>furanone)] (intraassay CV = 15.2% and interassay CV 
= 1 3.9%) and the isoflavonoid genistein (4',5,7-trihydroxyisofla- 
vane) (intraassay CV « 4.5% and interassay CV = 1 1.6%) in the 
assay (I). Because further samples from the present study were 
not available and because of the recent great interest in genistein 
we used this new assay in nine other Japanese subjects (three 
men. three women, and three children) living in Kyoto and con- 
suming a traditional Japanese diet before and during the 24-h 
urine collection. 
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TABLE 1A 

«S ° f and J Uo *|f vonoid Phytoestrogens ( M moI/d) in nine Japanese subjects (six adults, three children) living in Kyoto and 
consuming traditional Japanese di et during the urine collection period 

Sub j<*t. Tota l 



*»,age Matairtsinol Enterolactone E ntcrodiol lignans Daidzein Equol qPesmethylangolensin Genistein isonTvo^ ids diptools 
l,M,4ly 0.010 0.05 0.09 0.15 5.25 



■ .™.-*iy u.uiu u.U5 0.09 0.15 5.25 6 15 0 12 IS« «/u « 

4, M.6y 0.006 2.24 0.68 2,93 2.15 0.85 0.51 34. 6 93 ill 

5. M.8y 0.007 0.04 3.39 3.43 3.02 0.02 0 8 4 80 iZ ,?£ 
«.F,42y 0.006 3.25 0.25 3.50 2.20 0 16 M7 !« *nt 

7. M.3Sy 0.012 0.70 0.25 0.96 1.60 007 040 ill I« ™! 

8. M,26y 0.019 1.94 0.18 2.13 3.38 9.16 0 23 7» 

9. F.30y 0.005 0.62 0.25 0.88 ..25 3.28 o£ ' ]f 5 *J2 

£ • 0010 126 0J9 2-« 2.19 050 580 ifS m< 

Oomelriei 0.0.0 Q.5Q 0J7 ,, 17 lsg ^ Jg JJJ '}•» 



Table I A shows the individual urinary lignan and isoflavonoid 
excretion in the additional three men, three women, and three 
children studied by the new modified procedure, including the 
results of assays for matairesinol and genistein. 
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SUMMARY 

The phytoestrogens daidzein, genistein, coumestrol, formononetin, and Bio- 
chanin A are separated on a Ci 8 reversed-phase column (Hypersil ODS) with 
methanol-0.1 Af ammonium acetate buffer, pH 4.6 (60:40, v/v) as eluent. The reten- 
tion and resolution are affected by buffer concentrations, pH type, and proportion 
of organic solvent in the mobile phase. Detection in the (low pg range) is achieved 
with an electrochemical detector, and the compounds are positively identified by 
high-performance liquid chromatography-thermospray mass spectrometry. Daidzein 
and genistein were found in high concentrations in all soy protein preparations an- 
alyzed. 



INTRODUCTION 



< 



The phytoestrogens are a group of naturally occurring plant products 1 > 2 pos- 
sessing weak estrogenic activity 3 " 6 . Their existence in soybeans has been known for 
some time 7 , and recently several phytoestrogens and their metabolites were identified 
in biological fluids of man 8 " 11 . In particular, the ingestion of soy protein has been 
shown to be associated with a vast increase in the urinary excretion of these com- ; ^ 

pounds, and levels in vegetarians generally are higher than those for the general j ^ 

population 8 - 9 * 1 2 . Given the strong association between diet and disease 13 , the poten- i \ 

tial implications, whether beneficial or deleterious, of ingesting biologically active 
compounds, such as phytoestrogens requires examination. This is particularly the 
case with the increasing use of soy-based products for human consumption 9 , and 
important to such studies is the requirement of suitable techniques for the detection : ^ 

of these compounds in diets. 

Methods for the separation of phytoestrogens in plant extracts by high-per- 
formance liquid chromatography (HPLC) have been described 14 " 22 , however, these 
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Fig. 1. Chemical structures of the principal plant phytoestrogens. 

have generally used gradient elution systems. This paper describes a simple isocratic 
reversed-phase system,' with methanol-G. 1 M ammonium acetate, pH 4 6 (60*40 v/v) 
as mobile phase on an Hypersil ODS column, for the rapid and effective separation 
of the phytoestrogens daidzein, genistein, coumestrol, formononetin, and Biochanin 
A (Fig. 1). The effects that buffer concentrations, pH, and the type and concentration 
of organic solvent in the mobile phase have on the retention and resolution have 
been studied. The sensitivity of ultraviolet (UV) and electrochemical detection (ED) 
systems has been compared and conditions have been established for HPLC-ther- 
mospray mass spectrometry (MS) to allow the identity of individual phytoestrogens 
in the HPLC effluent to be confirmed. The method has been successfully applied to 
the analysis of phytoestrogens in a range of soybean products, including soy-based 
milk formulae and animal diets. 

EXPERIMENTAL 

Materials and reagents 

Biochanin A, genistein, daidzein, and formononetin were from K & K Rare 
and Fine Chemicals (Plainview, NY, U.S.A.) and coumestrol from Kodak (Roch- 
ester NY, U.S.A.). Textured soy and soy flakes were from Arrowhead Mills, Inc. 
(Heuford, TX, U.S.A.). Isomil was from Ross Laboratories (Columbus OH USA) 
and ProSobee was from Mead Johnson (Evansville, IN, U.S.A.). Ammonium acetate, 
glacial acetic acid, and EDTA were AnalaR-grade from BDH (Poole, U.K ) Ace- 
tonitrile and methanol were HPLC grade from Rathburn (Walkerburn, UK) The 
enzyme preparations, /?-gIucosidase and Helix pomatia (^-glucuronidase and sulfa- 
tase) were obtained from Sigma (St. Louis, MO, U.S.A.). 

Sample preparation 

Samples of Isomil (50 ml), ProSobee (50 ml), or individually homogenized 
samples of textured soy (5 g) and soy flakes (5 g) were refluxed in 80% aq. ethanol 
(total volume 250 ml) for 2 h to extract all isoflavones, polar isoflavone conjugates, 
and related compounds. The organic extracts were cooled, centrifuged, and the su- 
pernatant was removed. The ethanol was evaporated in a rotary evaporator, and the 
lipids were extracted from the remaining aqueous extract by partitioning twice into 
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four volumes of hexane for textured soy and soy flakes, and partitioning four times 
for Isomil and ProSobee. The aqueous extract was taken to dryness. Hydrolysis of 
isoflavone conjugates was carried out using several enzyme preparations. The samples 
were first subjected to hydrolysis with a 0-glucosidase preparation in 0.1 M acetate 
buffer (pH 5.0) overnight at 37°C. The hydrolysate was passed through a cartridge 
of reversed-phase octadecylsilane-bonded silica (Bond-Elut C 18 ; Analytichem, Har- 
bor City, CA, U.S.A.) to extract all isoflavones, and after washing the cartridge with 
water, the isoflavones were recovered by elution with 5 ml methanol. After evapor- 
ation of the methanol to dryness a second hydrolysis was performed using 0.2 ml of 
a combined ^-glucuronidase and sulfatase preparation (Helix pomatia) in 20 ml 0.5 
M acetate buffer (pH 4.5) for 24 h at 37°C. The hydrolysate was again passed through 
a Bond-Elut cartridge to extract the isoflavones, which were recovered by elution 
with 5 ml methanol and taken to dryness under nitrogen on a 65°C heating block, 
and the residue was reconstituted prior to assay. 

HPLC 

A Varian (Walnut Creek, CA, U.S.A.) Model 5000 liquid chromatograph and 
a Varian UV-100 variable-wavelength detector or a LCA-15 electrochemical detector 
(EDT Research, London, UK) were used. The electrochemical detector was of the 
wall-jet type with a glassy-carbon working electrode and a Ag/AgCl reference elec- 
trode. Samples were injected via a Rheodyne 7125 injector (Cotati, CA, U S A ) 
fitted with a 100-/d loop. 

The column (25 cm x 4.6 mm I.D.) was Hypersil ODS, 5 /*m spherical silica, 
chemically bonded with a monolayer of octadecylsilyl groups from Shandon South- 
ern Products (Runcorn, UK). The mobile phase was methanol-O.i M ammonium 
acetate buffer, pH 4.6 (60:40, v/v), containing 0.25 mmol/1 EDTA. The mobile phase 
was continuously degassed with a stream of helium during ED. This is unnecessary 
for UV detection, and EDTA can also be omitted from the mobile phase. The flow- 
rate was 1 ml/min at ambient temperature and UV detection was at 260 nm. ED of 
phytoestrogens was achieved at different operating potentials in the range +0.4 to 
+ 1.2 V. 

Mobile phases of different buffer concentrtions, pH, and with acetonitrile and 
acetonitrile-methanol mixtures as organic modifiers were used to study their influ- 
ence on retention and resolution of the individual phytoestrogens. 

HPLC-MS 

The Varian Model 5000 high-performance liquid chromatograph was coupled 
to a Finnigan 4635 quadrupole mass spectrometer via a thermospray interface (Fin- 
nigan). The mass spectrometer was operated in continuous scanning mode over a 
mass range of 1 10-300 daltons. The optimum interface temperatures at the flow-rate 
used for HPLC separation of the phytoestrogens were determined by multiple injec- 
tion of standards and varying heater temperatures and repeller voltages. Optimum 
conditions for the ionization of all the phytoestrogens studied were obtained with a 
vaporizer temperature of 135°C and a jet-block temperature of 215*C. Solvent flow- 
rate was 1.0 ml/min, and the HPLC conditions were as described above. 
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HPLC 

The separation of a standard mixture of phytoestrogens on Hypersil ODS with 
methanoI-0.1 M ammonium acetate buffer, pH 4.6 (60:40) as eluent is shown in Fig 
2. The elution of these compounds was in the order: daidzein, genistein, coumestrol 
formononetin, and Biochanin A. Genistein with three phenolic groups (Fig 1) is 
expected to be less hydrophobic than, and therefore eluted before, daidzein having 
two phenolic groups. Similarly, Biochanin A with two phenolic groups should under 
normal circumstances, be eluted before formononetin with only one phenolic group 
The observed reversal in elution order is probably due to the ability of genistein and 
Biochanin A to form intramolecular hydrogen bonds between one of the phenolic 
group and the keto group, as shown in Fig. 3. Intramolecular hydrogen bonding will 
decrease the polarity (increase hydrophobicity) of the molecules, leading to longer 
retention 21 . 5 

Methanol is a better modifier than acetonitrile and is essential for the sepa- 
ration of genistein and coumestrol. The resolution of these two compounds is lost 
when methanol is replaced with acetonitrile as the modifier (Fig. 2). However ternary 
systems which include methanol as one of the organic components will still resolve 
genistein and coumestrol. For example, a ternary system of acetonitrile-methanol- 
0.1 M ammonium acetate buffer, pH 4.6 (10:50:40) gave a resolution similar to that 
with the methanol-buffer system. 

The pH and buffer concentration of the mobile phase affects the retention but 
not the resolution. Increasing the pH and/or the buffer concentration decreases the 
retention of all compounds while maintaining the resolution. A 0.1 M buffer at pH 
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ng. 2. HPLC separation of phytoestrogen standards, illustrating the effect of varying the mobile phase, 
(a) Mobile phase: methanol-0. 1 M ammonium acetate, pH 4.6 (60:40); (b) acetonitrile-0. 1 M ammonium 
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Fig. 3. Intramolecular hydrogen bonding between the phenol and keto groups in the structures of the 
phytoestrogens genistein (R=OH) and Biochanin A (R = OCH 3 ). 



4.6 was chosen to provide rapid and yet adequate separation of the phytoestrogens, 
particularly of the early eluted peaks, from possible interferences in sample extracts! 

Choice and sensitivity of detector 

The phytoestrogens can be detected by UV absorption at 260-280 nm with a 
detection limit of about 5 ng injected (signal-to-noise ratio of 3 at 0.002 a.uXs.). The 
phytoestrogens are also electroactive, due to the presence of phenolic groups, and 
can therefore be detected with ED. Coumestrol is the most electroactive compound, 
followed by genistein and daidzein. The voltammagram for these three compounds 
is shown in Fig. 4. The optimum potential for the simultaneous sensitive detection 
of all three compounds is +075 V. At a detector sensitivity of 3 nA, the detection 
limits of coumestrol, genistein and daidzein are 5, 10, and 15 pg injected, respectively. 
Thus, ED is much more sensitive than the UV detector. However, the satisfactory 
ED of formononetin and Biochanin A required an operating potential above +1.2 
V. At this detector potential, baseline stability becomes a problem. These two com- 
pounds are therefore better detected with an UV detector. An UV detector may also 
be coupled in series with an electrochemical detector for the detection of a wide range 
of phytoestrogens. However, in preparations containing only daidzein and genistein, 
ED is the obvious detection system of choice. It allows a much smaller sample size 
to be used, and therefore a simpler and a cleaner matrix is obtained. For the specific 
detection of coumestrol a lower opening potential ( + 0.45 to +0.5 V) may be used, 
since few compounds are electroactive at these low potentials. 




Operating potential (V) 
Fig. 4. Voltammagrams for the phytoestrogens coumestrol, genistein and daidzein. 
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HPLC-thermospray MS 

With the development and introduction of the thermospray interface"-" 
many classes of compounds which previously were difficult to analyse by MS can 
now successfully be analyzed by direct HPLC-MS. Such compounds include those 
which are highly polar, non-volatile, or thermally labile, such as the phytoestrogens. 
MS analysis of phytoestrogens in biological fluids has previously necessitated ex- 
traction, hydrolysis, purification, and the preparation of volatile derivatives, suitable 
for introduction into the mass spectrometer via the gas chromatographic out- 
let °- 27 . 28 , techniques which are time consuming. 

HPLC-thermospray MS was investigated for its potential to identify individ- 
ual phytoestrogens in the HPLC effluent under the conditions used here. For all 
compounds tested the best ionization was achieved at or about a vaporiser temper- 
ature of 135°C and a jet-block temperature of 215'C, when the flow-rate was 1 
ml/mm. Fig. 5 illustrates the total ion current chromatogram, obtained following 
continuous scanning over the mass range 1 10-300 m\z for a mixture of the five phy- 
toestrogen standards. With the exception of coumestrol, the sensitivity of this tech- 
nique was comparable to HPLC with UV detection, and no significant loss in chro- 
matographic resolution was observed as a result of interfacing the column with the 
mass spectrometer. The mass spectra generated in the thermospray ionization process 
(Fig. 6) were characterized by intense protonated molecular ions, [MH + ], for all of 
these compounds, and this soft ionization method yielded no significant fragmenta- 
tion of the molecule. 

Since most of the ionization resides in a single ion, selected ion monitoring of 
the [MH ] for each phytoestrogen affords a more specific method of detecting these 
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Fig. 5. Total-ion current chromatograms obtained for the HPLC-thermospray MS analysis of a mixture 
of the phytoestrogen standards listed in Fig. 2. 
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Fig. 6. Mass spectra obtained by therraospray ionization, during HPLC-MS analysis of authentic stan- 
dards of phytoestrogens. 



compounds with a 100-fold improvement in sensitivity over the scanning mode or 
UV detection alone. Furthermore, we suggest that these compounds would be ideally 
suited to HPLC-MS-MS detection, where, after focusing the [MH + ] ion, collision- 
induced dissociation would yield fragmentation specific for each compound, thereby 
assisting structural elucidation of these and unknown phytoestrogens or metabolites, 
separated by HPLC. This approach is under evaluation. 
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Fig. 7. HPLC profiles of phytoestrogens isolated from samples of soybean products. Both ED and UV 
detection are illustrated to demonstrate their applicability. 

Analysis of soy protein products 

Since the phytoestrogens exist in plants mainly as glycoside conjugates 12 - 1 7 29 
or in biological fluids from man and animals as glucuronide or sulphate conju- 
gates 8 ' 10 * 27 , hydrolysis of the conjugate moiety is required prior to HPLC analysis. 
A general scheme for the analysis of diets or biological fluids was therefore developed 
to include hydrolysis with glucosidase and/or glucuronidase-sulfatase. Where pure 
soy protein preparations are to be analyzed, the latter step is unnecessary, but with 
animal tissues or fluids this step should be considered essential 30 . Ideally, it would 
be better to develop a system for the direct analysis of the intact conjugates, but at 
this time the lack of readily available conjugated phytoestrogen standards makes this 
difficult. 

Fig. 7 shows the HPLC analysis for textured soy and soy-flakes by ED and 
for the soy-milk formulae, Isomil and ProSobee, by UV detection. In all of these 
soybean products, daidzein and genistein were the only phytoestrogens detected, and 

TABLE I 

CONCENTRATIONS OF PHYTOESTROGENS IN SOY-BASED PRODUCTS DETERMINED BY 
HPLC 



Soy product 
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their concentrations are indicated in Table I. Confirmation of the peaks in each 
product was made from the mass spectra, obtained by HPLC-thermospray MS, 
which were identical to those of the authentic compounds. 

In earlier reports of the phytoestrogen content of soybean products, daidzein 
and genistein were the most abundant compounds identified, the latter m slight y 
higher concentrations'* 1 5 - 11 - 9 , but it is evident that there is considerable variability 
between the different species of soybean and processed products . 
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Genistein and Biochanin A Inhibit the 
Growth of Human Prostate Cancer Cells 
but not Epidermal Growth Factor 
Receptor Tyrosine Autophosphorylation 

Greg Peterson and Stephen Barnes 

Departments of Biochemistry and Pharmacology, University of Aiabama at 
Birmingham, Birmingham 

The effect of the isoflavones, genistein, daidzein, and biochanin A on the growth of the 
U^CaP and DU-145 human prostate cancer cell lines has been examined. Genistein and 
biochanin A, but not daidzein, inhibit both serum and EGF-stimulated growth of LNCaP 
and DIM45 cells (IC 50 values from 8,0 to 27 u-g/ml for serum and 4.3 to 15 p,g/ml for 
EGF), but have no significant effect of the EGF receptor tyrosine autophosphorylation. In 
contrast, tyrphostin 25, a specific EGF receptor tyrosine kinase inhibitor, inhibits EGF- 
stimulated growth and EGF receptor tyrosine autophosphorylation in these whole cells, but 
does not inhibit serum-stimulated growth. These data suggest that the mechanism of action 
of genistein and biochanin A does not depend on inhibition of EGF receptor tyrosine 
autophosphorylation, but on a more distal event in the EGF receptor-mediated signal 
transduction cascade. © 1993 wiky-Liss, inc. 

Key words: isoflavones, urogastrone, phosphotyrosine, protein tyrosine kinase 



INTRODUCTION 

Asians have a markedly lower risk of the hormone-dependent breast and pros- 
tate cancers than their American counterparts [1], However, Asian immigrants to the 
United States rapidly assume the risk of prostatic cancer seen in U.S.-born males [2]. 
On the other hand, latent (microscopic) prostatic cancer is commonly found, with 
similar frequency, in many countries and ethnic groups [3]. These data suggest that 
environmental factors, especially diet, affect promotional events leading to prostatic 
cancer and its metastasis, rather than the formation of precancerous lesions in the 
prostate. An important difference in the diets of Asians and Americans is the con- 
sumption of soy-based foodstuffs by Asians. Epidemiologic studies suggest that 
increased soy consumption is associated with a decreased risk of several cancers 
(Harvey, Messina, and Barnes, unpublished observations). 

We have recently demonstrated that inclusion of soybeans in the diet reduces the 
number of mammary tumors in rat models of breast cancer [4]. We have also shown 
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that genistein (5,7,4'-trihydroxyisoflavone) and daidzein (7,4'-dihydroxyisofla- 

Z;^? M?r l V/ Wm S ° y ' md bi0Chanin A « ^thoxydenva^ Z of 
fZT« « 1 !* pr0,,ferative 8 rowth human breast cancer lines in culture 
ndependentiy of the presence of the estrogen receptor [5]. These data suggest tha 

Sri e V n S ° y ^TJT eStr ° gen ag0nists or anta g° nists in ™. beeJ 
previous^ suggested [4,6], but act instead through other mechanisms. 

Following the observation of Akiyama et al . [7] that genistein is a potent in vitro 

nh bitor of epidermal growth factor receptor (EGF-R) tyrosine autophosphorylatT 

several investigators have reported that genistein inhibits the action of oLrXroTe" 

k,nases mvolved ,n signal transduction; these include the platelet derived SJS 

SS^S Ml ^ [ H j * S ?r d ^ Src - fami,y pi 10-JFSf 

,W»IL J 1 ' 18 t* l ° ** hyp0thesis [5 > 1,131 g enistein ^rts its inhii 

nf IT ?5 iWW ?, 0f tUm ° r Ce " S by interferin 8 with me ^ine kinase 

« * ST faCt0r ( reCept0ni and Cyt0plasmic * rosine which 
are critical for the transduction of mitogenic signals 

»„H t?p ^ r StatiC CeU lines ' DU - 145 ** LNCaP, secrete both EOF 
2? ,, ^f 01 ™^ .growth factor alpha) [12,13], express functional EGF-R 
[13,14], and are growth-stimulated by EGF in culture [13,14]. Prostatic cancer cell 
EiT* a ^ ^f^'y re « ulated th ~»gh »e EGF-R mediated signal 
ac^on^BGF/TGF^ "1 e " p^^^y P^duced EGF/TGF-ot. Since the mitogSie 
ft 'Absolutely dependent on the tyrosine kinase activity of the 

f^^ZX*** w,th kinase activity ^ be effective inhibitors 

Wh^^l S"*' WC haVC invest 'g ated Aether genistein, daidzein, and 
biochanin A inhibit the serum and EGF-stimulated growth of DU-145 (androgen 
a^ep or negative; AR-) and LNCaP (AR + ) prostatic cancer cell lines. To explore 
^ inhibitory mechamsm of action on cell growth,, we examined the effect of 
isoflavones on the in vivo tyrosine phosphorylation state of the EGF-R We used this 

Z%5^Z*T** ^ ison « avones inhibu *°*» ^ activi ^ 

ECF n ,1 J 8SSeSS SpCClfic,ty 0f genistein 3,1(1 bioch anin A against the 
EGF-R, these resu ts were compared to those obtained with the EGF-R tyrosine 
kinase selective inhibitor, tyrphostin 25 [16]. This compound specifically inhSe 
tyrosine kinase activity of the EGF-R at concentrationrseveral orders of magnitude 
lower than those that inhibit the tyrosine kinase activity of the insulin receptor 16] 



MATERIALS AND METHODS 
Materials 



3,3 -djaminobenzidine and tyrphostin 25 were obtained from Gibco/BRL 
^aithersburg, MD). Biochanin A was from Aldrich Chemical Co (Milwaukee WI) 
Protease inhibitors were from Boehringer Mannheim andianapolis, IN) Anti-EGF-R 
monoclonal antibody (B1D8) was a gift of Dr. Jeff Kudlow (Division of Endocri- 
nology University of Alabama at Birmingham), polyclonal anti-phosphotyrosine 
antibody was from Upstate Biotechnology Incorporated (Lake Placid, NY) and scat 

"T^n T Ki * er S aurd wd Pe «y (Gaithersburg, MD). Pan- 
sorbin (10%) was from Calbiochem (La Jolla, CA). Other materials were obtained as 
described previously [5]. 
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Cell Culture 

LNCaP and DU-145 cells were obtained from the American Type Culture 
Collection (Rockville, MD). The cells were maintained in RPMI 1640 medium sup- 
plemented with 7% (v/v) fetal-bovine serum and antibiotics (50 ng/ml gentamycin). 
Cells were cultured as a monolayer (passed every 6-7 days) in a 95% air/5% C0 2 
water-saturated atmosphere. 

Isoflavone Preparation 

Genistein and diadzein were isolated from soy molasses as described previously 

[5]. 

Viability Assay 

Cytotoxicity of the isoflavones was determined by the MTT assay as described 
[5], with the following modifications. Cells were plated at 3,000 or 5,000 cells/well 
in 96- well microtiter plates in serum-containing media and allowed to attach for 24 h. 
For serum stimulation, drugs (in 100% DMSO; final DMSO concentration in wells, 
1% v/v) were added and incubation was continued for an additional 4 days. For 
EGF-stimuIation, serum-containing media was removed and replaced with serum- 
free, phenol red-free RPMI 1640 and the cells quiesced for 2 days. The serum-free 
RPMI 1640 was replaced with RPMI ITS-BSA [RPMI 1640 + insulin (6.25 ^g/ml), 
transferrin (6.25 jig/ml), selenous acid (6.25 ng/ml), and bovine serum albumin (1 .25 
mg/ml)]. Drugs were added 15 min prior to the addition of EGF, and incubation 
continued for 4 days; for incubation with tyrphostin 25, fresh media was added every 
48 h. 



Cell Lysis and Immunopreclpltation 

Cells were grown in 100 cm dishes in RPMI-1640 medium supplemented with 
7% (v/v) fetal-bovine serum to 70-80% confluency. Cells were then quiesced for two 
days in serum-free medium as described above. Medium was replaced by RPMI 
ITS-BSA medium containing the test compound, and the cells incubated for 15 min 
at 37°C. Plates were cooled at 4°C for .20 min. EGF was added and jncubation 
continued at 4°C for a further 20 min. The cold RPMI ITS-BSA medium was replaced 
by fresh medium containing the test compound, and 1 mM Na 3 V0 4 pre- wanned to 
37°C, and the plates incubated at 37°C for 5 min. Cells were lysed by the addition of 
200 pj ice-cold NP-40 buffer (1% NP-40, 150 mM NaCl, Tris-HCl, pH 7.5, 1 mM 
phenylmethylsulfonylflouride, 1 p.g/ml aprotinin, 1 jig/ml leupeptin, 1 fig/ml pep- 
statin, 5 mM EDTA, and 1 mM Na 3 V0 4 ). Subsequent steps were performed at 4°C. 
The plates were rocked for 20 min and cell lysates were scraped into microfuge tubes. 
The supernatant was passed through a 21 gauge needle 8 times to shear DNA and 
centrifuged for 10 min at 10,000 x g. Protein concentrations were determined by the 
Lowry method [17]. EGF-R (100-200 \ig lysate protein) was immunoprecipitated 
from cell lysates by incubation with 1 \iM BID8 antibody for 1 h. Immune complexes 
were collected by a 30 min incubation with Pansorbin (100 \iVml) and washed 4 times 
with NP-40 buffer. Immunoprecipitated proteins were resolved on a 7.5% (w/v) 
SDS-PAGE gel and transferred to nitrocellulose. Tyrosine phosphorylated EGF-R 
was detected using a polyclonal anti-phosphotyrosine antibody arid visualized using 
a goat anti-rabbit horse radish peroxidase conjugated antibody as described [18]. 
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Rg. 1 EGF stimulates the growth of LNCaP (•) and DU-145 (O) human prostate cancer cells Cells 
were plated at 5,000 cells/well in RPMI 1640 + 7% FBS and allowed to attach for 24 h After 48 h 
quiescence in serum-free RPMI 1640, EGF was added at the indicated concentrations and the cells were 
incubated for an additional 4 days in RPMI 1640 + ITS-BSA. Cell growth is expressed as a percentage 
(mean ± standard deviation) of control cells receiving no EGF. 



Western blots were subsequently quantitated by reflectance scanning to determine 
relative inhibition of EGF-R tyrosine phosphorylation. 



RESULTS 

Effects of Serum and EGF on Growth of LNCaP and DU-145 Cells 

The results of experiments to confirm the stimulatory effect of EGF on the 
growth of LNCaP and DU-145 cells are shown in Figure 1 . The cells were cultured 
in serum-free RPMI 1640 supplemented with ITS-BSA. EGF stimulation was max- 
imal for LNCaP cells at 1 ng/ml and for DU-145 cells at 10 ng/ml. These concen- 
trations were used in all subsequent EGF-stimulated growth experiments. 

Inhibition of Serum and EGF-Stimulated Growth by Genfstein, Biochanin 
A, and Tyrphostin 

Cytotoxicity of the compounds was determined by the MTT assay following 
exposure of cells, grown in serum- or in ITS-BSA containing media, to drugs for 4 
days. Biochanin A was the most potent inhibitor of serum-stimulated growth with 
IC 50 values of 8.0 and 9.0 p,g/ml for LNCaP and DU-145 cells, respectively (Fig. 
2a,b). Genistein also inhibited the serum-stimulated growth, but at slightly higher 
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Fig. 2. Inhibition of serum-stimulated growth of LNCaP (A) and DU- J45 (B) cells by genistein (O). 
biochanin A (•), daidzein (■), and tyrphostin (□). Cells were plated at 3,000 cells/well as described in 
Materials and Methods. Drugs were added at the indicated concentrations on day 2 and incubated in the 
presence of 7% serum for 4 days. Cell growth is expressed as a percentage (mean ± standard deviation) 
of control cells receiving DMSO vehicle. 



doses (22 jig/ml for LNCaP and 27 jig/ml for DU-145 cells; Fig. 2a,b). In contrast, 
daidzein and tyrphostin did not inhibit serum-stimulated growth at concentrations up 
to 50 and 40 ftg/ml, respectively (Fig. 2a,b). 

In the case of EGF-stimulated growth, genistein, biochanin A, and tyrphostin 
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Fig. 3. Inhibition of EGF-stimuIated growth of LNCaP (A) and DU-145 (B) cells by gcnistein (O), 
bjochamn A (•), daidzein (■), and tyiphostin (□). Cells were plated at 5.000 cells/well as described in 
Materials and Methods. Drugs were added at the indicated concentrations on day 4 and incubated in the 
presence of EGF(1 ng/ml for LNCaP and lOng/ml for DU-145 cells) for 4- days. Cell growth is expressed 
as a percentage (mean ± standard deviation) of control cells receiving DMSO vehicle. 



were each potent inhibitors. The IC 50 values for tyiphostin on EGF-stimuIated growth 
were 5.2 and 6.0 fig/ml for LNCaP and DU-145 cells, respectively (Fig. 3a,b). 
Genistein and biochanin A inhibited EGF-stimulated growth, with IC 50 values of 15 
and 13 ^g/ml for LNCaP cells, respectively (Fig. 3a), and 4.3 and 5.8 jig/ml for 
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DU-145 cells, respectively (Fig. 3b). Again, daidzein did not inhibit cell growth at 
concentrations up to 50 ftg/ml (Fig. 3a,b). 

Effect of Genistein, Biochanin A, and Tyrphostin on In Vivo EGF-R 
Tyrosine Autophosphorylation 

Tyrosine phosphorylation of EGF-R was determined by immunopreciptating 
EGF-R from EGF-stimulated, isoflavone- or tyrphostin-treated human prostate can- 
cer ceils as described in Methods. The concentration of EGF used to stimulate the 
cells in these experiments was adjusted to obtain maximal EGF-R tyrosine phosphor- 
ylation in a 5 min incubation (10 jig/ml for LNCaP cells and 50 *ig/ml for DU-145 
cells,, respectively; data not shown). 

Tyrphostin, at its IC 50 value for cell growth (6.0 jig/ml), inhibited in vivo 
EGF-R tyrosine autophosphorylation in LNCaP and DU-145 cells by 72% and 55%, 
respectively (Figs. 4a and 4b). In contrast, neither genistein nor biochanin A at 10 
jig/ml significantly inhibited EGF-R tyrosine autophosphorylation (Fig. 4a,b). At 50 
p,g/ml, genistein did reduce EGF-R tyrosine autophosphorylation in DU.145 cells by 
50% but was largely without effect in LNCaP cells (8% decrease; Fig. 4a,b). Bio- 
chanin A was without effect on both cell lines, even at 50 fig/ml. Since high con- 
centrations of EGF were used to obtain maximal EGF-R tyrosine phosphorylation, an 
additional experiment was carried out using much lo\yer concentrations of EGF (1 
ng/ml); Again, genistein at 10 p,g/ml had no significant effect on EGF-R tyrosine 
autophosphorylation (data not shown). 

DISCUSSION 

In. this study, we have established the following points: (1) the isoflavones, 
genistein and biochanin A, but not daidzein, inhibit the serum and EGF-stimulated 
growth of the human prostatic cancer cell lines, LNCaP and DU-145; (2) the EGF-R 
selective tyrosine kinase inhibitor, tyrphostin, inhibits EGF, but not serum-stimulated 
growth, of LNCaP and DU-145 cell lines; and (3) tyrphostin, but not genistein or 
biochanin A, inhibits the EGF-stimulated tyrosine autophosphorylation of EGF-R in 
vivo. 

Since genistein and biochanin A inhibit both serum and EGF-stimulated growth, 
while tyrphostin inhibits only EGF-stimulated growth, the action of genistein and 
biochanin A cannot be restricted to inhibition of EGF-R activation. This was con- 
firmed by examination of the tyrosine phosphorylation state of the EGF-R after 
treatment of the cells with EGF and isoflavones or tyrphostin. Neither genistein or 
biochanin A inhibited tyrosine autophosphorylation of the EGF-R at 10 fig/ml, a 
concentration close to their IC 50 values, while tyrphostin 25 blocked tyrosine auto- 
phosphorylation of the EGF-R close to its IC 50 value. The lack of effect of the 
isoflavones was not doe to overstimulation of the cells with EGF, as genistein did not 
inhibit EGF-stimulated EGF-R tyrosine autophosphorylation at EGF concentrations 
as low as 1 ng/ml. From the lack of effect of genistein and biochanin A on EGF-R 
tyrosine phosphorylation, we conclude that the mechanism of action of genistein and 
biochanin A is not dependent on inhibition of EGF-R activation. We suggest that 
genistein and biochanin A exert their inhibitory effect by inhibiting tyrosine kinase 
events at or after a convergence point in signal transduction pathways, or act through 
mechanisms other than tyrosine phosphorylation. 
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Fig. 4. Inhibition of EGF-R tyrosine autophosphorylation by isoflavone and tyrphostin in LNCaP (A) 
and DU-145 (B) cells. Cells were incubated in the presence of the indicated drug (G t genistein; B, 
biochanin A; T, tyrphostin 25; concentration in fig/ml) and lysed as described. EGF-R was immunopre- 
ciprtated, separated by SDS-PAGE, blotted, and visualized as described in Materials and Methods. Blots 
were quantitated by reflectance scanning and results expressed as a percentage (mean ± standard devi- 
ation) of EGF-stimulated tyrosine incorporation into EGF-R. 



Several investigators have reported data that support the idea that isoflavones do 
not directly inhibit EGF-R activation. Okura et al. found no correlation between the 
inhibition of EGF-R tyrosine kinase activity by isoflavones in vitro and reduction of 
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the in vivo growth of Ha-ray transformed NIH-3T3 cells [19]. Additionally, Linnasier 
et al. found that genistein elicited cytostatic effects in N1H-3T3 cells, without inhib- 
iting the signaling capability of EGF-R [20], This was consistent with the presence of 
an alternative, more sensitive isoflavone target in the cell, which these authors 
suggested was ribosomal S-6 kinase. S-6 kinase is postulated to be activated by MAP 
kinase [21], a key signal transduction intermediate activated by many diverse types of 
stimuli [21 and references therein], which requires tyrosine phosphorylation for max- 
imal activity [22], More importantly, genistein has been shown to be an inhibitor of 
other cytoplasmic tyrosine kinases, such as src {7] and p210 bCT ~ abl [11], which dem- 
onstrate that genistein can inhibit tyrosine phosphorylation events distal to membrane- 
bound growth factor receptors. 

An alternate explanation could be that the isoflavones do not inhibit tyrosine 
phosphorylation events at all, but regulate other events critical for cell growth and 
proliferation. For example, the isoflavone psi-tectorigenin (8-raethoxygenistein) in- 
hibited phosphatidylinositol turnover in A-431 cells without inhibiting EGF-R ty- 
rosine kinase activity [23]. Furthermore, Makisshima et al. [24] recently reported that 
psi-tectorigenin and genistein induce the differentiation of ML-1 and HL-60 cells 
(psi-tectorigenin > genistein) to a greater extent than the more potent tyrosine kinase 
inhibitor methyl 2,5-dihydroxycinamate, which suggests that the differentiation in- 
ducing effect of genistein may be due to inhibition of phosphatidylinositol turnover, 
rather than inhibition of tyrosine kinase activity [24]. Other investigators have sug- 
gested that genistein may exert its effect through induction of DNA strand breakage 
[25] or inhibition of DNA topoisomerase II [26]. Additionally, the isoflavones may 
act through an as yet unidentified pathway. 

Hie data from the present study also demonstrate that a functioning AR system 
is not essential for isoflavones to inhibit the growth of human prostate cancer cells. 
However, in LNCaP cells the IG 50 values for genistein and biochanin A on EGF- 
stimulated growth are 2- to 3-fold higher than the IC 50 values for the compounds in 
DU-145 cells. It has previously been shown that the AR from LNCaP cells is mu- 
tated, and this mutation relaxes the specificity of the AR and allows ligands other than 
androgen to activate the AR [27]. It is also known that activated AR can increase the 
number of EGF-R on the cell surface, thus making the cell more sensitive to EGF/ 
TGF-ot stimulation, which leads to increased cell growth [28]. It is possible that 
genistein and biochanin A are weak binders of AR in LNCaP cells, and this partial 
activation of AR results in increased signal transduction through the EGF-R. This, in 
turn, could decrease the effectiveness of genistein and biochanin A, which would 
result in higher IC50 values in EGF-stimulated growth assays and lower inhibitory 
activity of these compounds against EGF-R tyrosine autophosphorylation. 

CONCLUSIONS 

The results obtained from this study show that genistein and biochanin A inhibit 
the serum and EGF-stimulated growth of human prostate cancer cell in culture, 
without completely blocking the initial events of EGF-R activation. In addition, this 
study supports the notion that genistein is one of the active anti-cancer agents in soy. 
Since genistein is essentially absent from the U.S. diet [29], in contrast to the Asian 
diet (Messina, unpublished observations), soy may be an important nutritional factor 
which is responsible for the low rate of prostate cancer in Asian men. 
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